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The Antarctic Geological Drilling (ANDRILL) researchers obtained a rock core from 
below the sea-floor in South McMurdo Sound (SMS), Antarctica. During the core retrieval, 
approximately 5.6 x10
5
 liters of drilling fluid was lost in the subsurface. The loss of this fluid, 
which contained biodegradable components, may significantly alter the in situ microbial ecology 
as well as the geochemistry of the subsurface. The introduction of drilling fluid into the 
subsurface can be viewed as a source of contamination. However, it also provides the 
opportunity to indirectly study the microbial communities of the subsurface through analyses of 
the return drilling fluids. This study focused on the differences between new (uncirculated) fluids 
and the return drilling fluids circulated at depth, along with the chemical and microbial changes 
that took place during the biodegradation of drilling fluid. Drilling fluid samples were incubated 
for forty days at 4°, 20° and 50°C representing the in situ temperatures, under aerobic and 
anaerobic conditions. Geochemical analyses were completed and microbial community 
fingerprints were constructed and compared. The return fluids show significant differences in the 
geochemistry compared to the new fluids specifically in regards to the ions Barium, Thallium, 
  
Lead, Manganese, Iron, and Boron. The return drilling fluids have higher DNA concentrations 
than the new fluids counterparts within the first four days of the biodegradation experiment. The 
use of Biolog Ecoplates™ revealed that microbes in the return fluids utilized significantly less 
carbon substrates than those in the new fluids. RAPD-PCR results showed the return fluids 
exhibited significantly less diversity and species evenness than the microbes in the new fluids. 
DNA concentrations fluctuated over time, with a direct relationship among fluid type. There are 
shifts in the community structure and function as biodegradation occurs that varies between the 
different incubation environments. In situ temperatures ≤4°C were recorded for the top ~21 
meters of the borehole. In anaerobic environments and temperatures ≤4°C, slower microbial 
metabolism may increase the residence time of the biodegradable drilling fluid components, 
allowing these components the opportunity to penetrate further into the surrounding formation 
through conduits. The 20°C temperatures recorded at ~360-~384 mbsf may be the most 
favorable conditions for the biodegradation of the drilling fluids allowing the least amount of 
migration of the biodegradable components into the surrounding formation. At a depth of ~1026 
mbsf, 50°C in situ borehole temperatures were recorded. From this depth through to the final 
depth of ~1139 mbsf and 57°C, the higher temperatures may result in smaller microbial 
populations that are able to metabolize the drilling fluid, leading to further drilling fluid 
migration into the surrounding formation.   
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Investigating the microbial ecology of the Antarctic is vital to understanding the 
functioning of the global biogeochemical cycles. Viable microbes and intact DNA have been 
observed in cores taken in glacial ice, sediment cores, and permafrost which indicate a 
remarkable ability of microorganisms to survive and even thrive in extreme environments 
(Junge et al., 2004; Loveland-Curtze et al., 2010). The potential for contamination is a major 
concern of these investigations (Rogers, et al., 2004) especially from drilling fluids used to 
investigate these sites (Griffin et al., 1997; (Zhang et al., 2006; Alekhina et al., 2007; Wang et 
al., 2007). 
 Bacterial community analyses performed on shallow cores indicate very low bacterial 
production rates suggesting that a large fraction of bacterial assemblage is inactive (Fabiano 
and Danovaro, 1998). These bacteria located in an oligotrophic environment might become 
active with increased concentration of an easily biodegradable organic source such as that 
found in the drilling fluid (Griffin et al., 1997; Alekhina et al., 2007). Microorganisms are 
known to decrease pH and change redox conditions during biodegradation of simple organic 
compounds (Kroll et al., 2005) leading to increased production of methane, dissolution of 
carbonates, solublization of Fe, SO4, and Mg, and could ultimately change the concentration 




microbial community of the pore fluids or sediments in the Antarctic, microbial changes 
induced by the drilling practices must be addressed. 
The Antarctic Geological Drilling (ANDRILL) researchers obtained a rock core from 
below the sea-floor in South McMurdo Sound (SMS), Antarctica, using the mud rotary 
drilling method. During this drilling operation approximately 5.6 x10
5
 liters of drilling fluid 
was lost in the subsurface. The loss of this fluid may significantly alter the in situ microbial 
ecology as well as the geochemistry of this previously untouched environment. 
Although introduction of drilling fluid into pristine environments can be viewed as a 
source of contamination, researchers have successfully analyzed the return fluids as an 
indirect method of studying the microbial communities of the subsurface (Zhange et al., 2005; 
Zhang et al., 2006; Gerard et al., 2009; Alekhina et al., 2007). Zhang et al. (2005) studied the 
subsurface during the Chinese Continental Scientific Drilling Project (CCSD) which resulted 
in a 5000m continuous drill core. The goal of that portion of the CCSD study was to 
determine the abundance and microbial diversity of the subsurface from 529 to 2026 meters 
using culture dependent and independent methods. Their methods included Phospholipid 
Fatty Acid (PLFA) analysis, as well as DNA isolation, amplification, cloning and sequencing. 
 The results of this CCSD study indicated they had identified a unique microbial 
community. Gérard et al. (2009) studied the drilling fluid and core samples in a pristine 2.7 x 
10
9
 year old fossil stromatolite. Samples for depths down to 93.3 meters were analyzed using 
methods including, DNA isolation, amplification and sequencing. Their study used the 
analysis of the drilling fluid to create a catalog of contaminants to identify contaminated areas 




microfractures. Neither of the aforementioned studies looked at the impact the biodegradation 
of drilling fluid. 
 The goal of this research was to determine geochemical and initial biodegradation 
response to drilling fluid used during the SMS core recovery. This was accomplished by 
performing geochemical analysis and constructing microbial community fingerprints of 
drilling fluids samples. The hypotheses of this research are that: (1) the return drilling fluids, 
which are circulated at depth, will show measurable differences in the geochemistry and 
microbial populations compared to the uncirculated fluids; (2) the rate of biodegradation will 
be slower at 4°C and 50°C temperatures and in anaerobic conditions; and (3) shifts in 
microbial populations will occur during different time periods among the different incubation 











Borehole Site and Core Sample Information 
During the summer of 2007, the Antarctic Geological Drilling (ANDRILL) 
researchers obtained a rock core (AND-2A core), ~1138 m long, from below the sea-floor in 
South McMurdo Sound (SMS) (Figure 1), Antarctica, using the mud rotary drilling method. 
The primary goal of the core retrieval was to study climate change, recorded by the mid-
Miocene marine sediments (Florindo et al., 2008-2009). Studying these sediments will add to 
the understanding of the large climatic shift from the warm Mid-Miocene Climatic Optimum 
followed by the Miocene cooling (Florindo et al., 2008-2009). 
Along with climate information, this borehole location was chosen for its position at 
the junction of components of the West Antarctic Rift System. The core provides information 
on the tectonic history of the Antarctic Rift System including the Erebus Volcanic Province 
and the Transantarctic Mountains. This area is also influenced by the East and West Antarctic 














The whole core was previously described and divided into fourteen lithostratigraphic 
units (LSUs) based on major lithology changes by Fielding et al. (2008-2009). The drilling 
fluid samples used for the current study came from LSUs 2-6 and the lithologies are 
summarized (Table 1). There were thirteen recurring lithofacies interpreted as different 
depositional environments including subglacial, proglacial, glacial marine, and marine 
throughout the core (Fielding et al., 2008-2009). 
The coring began October 9
th
 2007 and was completed November 30
th
 2007. The drill 
rig was located at 77.76 S, 165.28 E on ~8-8.5 meters of multi-year sea ice with a depth to 
mean seafloor of 383.57 m. The drill rig type used for the ANDRILL 2A core recovery was a 
modified form of drill rigs used for mineral drilling (ANDRILL n.d.). It was specially 
designed to be able to withstand vertical movement of the ice during tidal forces and a double 
line pull was designed to enable the deployment of sea riser casing. The mud rotary drilling 
method was used during sediment coring. This method allows for the circulation of the drill 
muds which pressurize the borehole to help prevent borehole collapse, lubricate and cool the 
drill bit, as well as bring up the drill cuttings. Ideally, minimal fluid is lost during the drilling 
process and the drilling fluid is returned to the surface, cleaned and recirculated. However, 
during the 2A-core recovery 5.6 x10
5
 liters of fluid was lost to the subsurface. Low drill fluid 
recovery can be due to existing formation fractures, induced fractures from drilling, and 
highly permeable and porous sediment. The drilling fluid loss during the focus depths of the 





Table 1. Lithostratigraphic units and clast descriptions for the depths used in the current study (Fielding et al., 2008-2009). See Fielding et al. 










Clast-rich to clast-poor diamictite 
with minor sandstone, conglomerate 
and clayey siltstone 
Abundance 5-30% 
Angular to rounded to 25 cm diameter. 
Dolerite, granite, volcanics, quartzite, gneiss, 
basalt and mudstone. 




Planar bedded sandstone and 
conglomerate 
 
Clast abundance is variable among layers 
and composed of 





Clast-rich to clast-poor diamictite 
with minor sandstone, conglomerate 
and siltstone 
Abundance to 30% 
Very angular to well-rounded up to 34 cm 
diameter 
Intraformational, crystalline basement and 
pumice. 
Bioclasts dispersed throughout include bivalves 









Diamictite with biogenic silica, 
sandstone and minor conglomerate 
and siltstone 
Abundance 1-20% 
Angular to rounded up to 15 cm diameter 
Granitoids, marble, dolerite, and mafic volcanics. 
Pumice. 
Return 270.71 
Return 320.00 LSU 6 
Diamictite, diatonmite, 
conglomerate, fine-grained 
sandstone, siltstone, and claystone 
Abundance 1-5% 
Angular to subrounded, up to 7 cm in diameter 
Crystalline, volcanic, and intraformational clasts 






Figure 2. Stratigraphic column for AND-2A core with corresponding amounts of fluid loss during the 
drilling operation. Lithologic interpretation and stratigraphic column on left side of figure was 
produced by Fielding et al. (2008-2009). Fluid Loss on right side of figure was produced by Jacobsen 
(2012). Drilling fluid samples used in this study and the corresponding depths are highlighted in pink 







 The function and structure of microbial populations on a community level can change 
in response to environmental conditions (Ngom and Kiu, 2014) including the introduction of a 
carbon source such as drilling fluid. The changes in structure and function can be studied 
using culture dependent and independent methods. Culture dependent methods are useful to 
study the viable microbial populations that are able to grow in laboratory conditions. 
However, many microorganisms are not cultureable and are therefore not represented when 
culture based techniques are used (Keer and Birch, 2003). The PCR (polymerase chain 
reaction) techniques eliminate the culture dependent bias but may be subject to PCR-bias 
(Ngom and Kiu, 2014). Because no one method exists to give the complete picture of a 
microbial community a combination of different methods was applied. For this study the 
microbial community was studied using DNA quantification, carbon substrate utilization with 
Biolog Ecoplates™, and RAPD-PCR (Random Amplified Polymorphic DNA - Polymerase 
Chain Reaction) methods. 
 Biomass growth can be quantified using different methods that include total weight 
and turbidity. To estimate biomass from weight the samples must be oven dried for long 
periods and then brought to air temperature equilibrium before measurements are made. This 
method has been described as “tedious and time consuming” (Li and Mira de Orduna, 2010). 
Li and Mira de Orduña (2010) have designed a faster method but it requires an infrared 
heating source. Turbidity is a rapid method to estimate biomass growth however, the 
metabolic wastes produced as well as the accumulation of dead cells lead to inaccurate 





DNA quantification may be superior to turbidity measurements to estimate microbial growth. 
In the current study DNA quantification was chosen to estimate microbial growth as DNA 
isolation was necessary for other methods used and was readily available. 
Biolog Ecoplates™ contain 96 wells, thirty-one different carbon sources and one 
control well in triplicate. The wells also contain a dye that changes color if/when the carbon 
substrate is utilized by the microbes. Sample is added to each well and the plate is incubated. 
After incubation, the metabolic activity can be quantified based on the color change of the 
dye, using absorbance values. Biolog Ecoplates™ gives information about the carbon 
preference of the microbes in the sample. This information can be used to create a community 
level physical profile (CLPP) based on the metabolic activity (Lowit et al., 2000; Garland et 
al., 1997; Stefanowicz 2006; Ros et al., 2008). Biolog™ plates have been successfully used to 
obtain CLPPs from sample types including arctic soils (Derry et al., 1999), soil amended with 
dairy sewage sludge (Frac et al., 2012), sites impacted by uranium mines (Kenarova et al., 
2014), lakes (Navarro et al., 2014) and fecal pellets (Cnudde et al., 2013). The CLPP of the 
samples in this study are compared to show population changes that occur with 
biodegradation. 
RAPD-PCR banding patterns (presence or absence of bands) can represent different 
microbial species or different individuals in the same species (Kumar and Gurusubramanian, 
2011). The applications of RAPD-PCR include analyses pertaining to: genetic diversity, 
genetic structure of populations, and population and evolutionary genetics (Kumar and 
Gurusubramanian, 2011). RAPD requires no prior knowledge of DNA sequences and it is 





study, the banding patterns of RAPD-PCR products were used to compare the genetic 
structure and diversity between samples over time as biodegradation occurs. 
Phospholipid Fatty Acids are a component of cell membranes that rapidly degrade 
after the death of a cell and are therefore useful to studying viable microbial populations 
(Green and Scow, 2000). They are composed of a hydrophilic head (glycerol and phosphate) 
attached to two hydrophobic tails (fatty acid hydrocarbon chains) that are arranged in a 
bilayer with the tails towards the interior of the bilayer (Campbell et al., 2008). PLFA analysis 
can provide a community fingerprint of the viable microbial population and the ratio between 
neutral and polar lipids can be used to infer the amount of stress present in the community 
(i.e. starvation) (Green and Scow, 2000).  
The Biolog™, RAPD-PCR, and PLFA data were analyzed using the entropy, richness, 
and diversity of the microbial populations in the drilling fluids. The changes in each can be 
used to give an ecological evaluation and comparison between different populations. The 
Shannon-Weaver entropy of a system is not a direct measure of diversity but rather indices 
that allows numerical comparison of the diversity (Jost, 2006). Though, in simplified terms, 
the lower the entropy of a sample, the lower the diversity of species found within that sample. 
Hill et al. (2003) compared commonly utilized diversity indices and found the Shannon-
Weaver index to be a suitable index to compare bacterial diversity in samples. Species 
richness is the total number of species present. Pielou’s evenness index (J) is a measure the 
relative abundance of different species in a community. Evenness values are between zero (0) 
and one (1) and higher J values indicate more variation in the relative abundance of species 





PCA (principal component analysis) was used in this study to compare the community 
level physical profile (CLPP) of the metabolic activity (using Biolog Ecoplate™) and the 
microbial population structure (using RAPD-PCR) of the new and return drilling fluids, as 
well as the viable community structure (using PLFA analysis) of individual drilling fluid 
samples. PCA uses the cross-product matrix to find the correlation between multivariate data. 
The results are then arranged on three primary axes (principal components) with each axis 
explaining a percentage of the total variance (Greenacre and Primicerio, 2013). The PCA 
plots represent the relationship between data, the more similar the data sets, the closer the 
samples plot. PCA is commonly used for the interpretation of Biolog™ data (Preston-Mafham 
et al., 2002; Stefanowicz 2006), RAPD-PCR banding patterns (Wikstrom et al., 1999), and 
PLFA analysis (Green and Scow, 2000).  
The similarities of the microbial populations were analyzed using Unweighted Pair 
Group Method with Arithmetic Mean (UPGMA), as well as the previously mentioned 
methods. UPGMA, also referred to as the average linkage cluster method, produces 
dendograms to show the similarities between the samples. Each dendogram is produced from 
a pairwise distance matrix and represents the structure of this matrix. The matrix is calculated 
by using the average distance between two clusters and the average of the distances between 
all pairs of data points in the first cluster and data points in the second cluster. At each step 
the two clusters that have the smallest average linkage distance are joined. The larger the 
average distance between clusters the more dissimilar the clusters are (Greenacre and 
Primicerio 2013). UPGMA is commonly used for community level comparisons including 
data obtained from Biolog™ plates (Derry, et al. 1999; Preston-Mafham et al., 2002), PCR 





Geochemical parameters such as dissolved oxygen (DO) concentrations, pH, and electrical 
conductivity (EC) were used to indirectly study microbial populations and support the 
occurrence of biodegradation.  
DO concentrations are expected to decrease as it is utilized by microorganisms during 
metabolic processes (Maier et al., 2000). Metabolic energy is produced by oxidation and 
reduction reactions (Campbell et al., 2008). The flow of electrons when substances are 
reduced or oxidized releases energy. In aerobic respiration, illustrated by the basic equation 
for the use of glucose during cellular respiration (equation 2.1), O2 is the terminal electron 
accepter. Free oxygen is one of the strongest oxidizing agents due to its high 
electronegativity. Its use as an electron acceptor results in large amounts of energy being 
released. The energy that is released is then used by the cell to synthesize ATP. During 
aerobic respiration, as microorganisms utilize the dissolved oxygen, the concentration of DO 
in the drilling fluid is lowered. Aerobic respiration is the most efficient form of respiration but 
when the oxygen supply is limited in an anaerobic environment, other terminal electrons can 
be used such as carbon dioxide (Eq. 2.2) or acetic acid (Eq. 2.3). However, these reactions 
result in lower energy release (Maier et al., 2000).  
 
Equation 2.1    𝐂𝟔𝐇𝟏𝟐𝐎𝟔  +  𝟔𝐎𝟐  →  𝟔𝐂𝐎𝟐  +  𝟔𝐇𝟐𝐎 +  𝐄𝐧𝐞𝐫𝐠𝐲 
Equation 2.2    𝐂𝐎𝟐 +  𝟒𝐇𝟐  →  𝐂𝐇𝟒  +  𝟐𝐇𝟐𝐎 






EC can increase in response to microbial metabolism (Atekwana and Atekwana, 2010) 
and pH can decrease (Campbell et al., 2008). The microbial production of organic and 
carbonic acids lowers the pH and leads to an increase in chemical weathering of the 
sediments, thus releasing ions into solution. This results in an increase in EC (Atekwana and 










MATERIALS AND METHODS 
Initial Sample Collection and Storage 
Drilling fluid samples were collected by the ANDRILL SMS Science Team, onsite, 
using aseptic techniques and placed into sterile 0.5L or alternately 1.0L Nalgene bottles as 
described by Florindo et. al (2008-2009). The samples consist of ten (10) drilling fluid 
samples that have not been circulated at depth before sample collection and are therefore 
referred to as New fluids (depths the new fluid would circulate listed in Table 2), and 4 
samples that have been circulated at the depths specified (Table 2) and are referred to as 
Return fluids.  
The drilling fluid is composed mainly of Potassium Chloride (KCl) with Guar Gum 
(polysaccharide), Barazan D+ (polysaccharide), PAC-L(polysaccharide) , Mica, Barite, 
Barofibre (nut hulls), Barocarb 25 (mineral), Barocarb 5 (mineral), Calcium Chloride powder 
(CaCl2), Sodium Bicarbonate (NaHCO3), Soda Ash (sodium carbonate), Kwik Seal (vegetable 
and polymer particles), and FloVis (Xanthan Gum). These components were mixed on site 
with sea water from the area. After collection, the samples were stored onsite in a -80°C 
freezer until shipped to Northern Illinois University in 2007. Table 2 lists the sample volumes, 





unbroken with no apparent thawing. The samples were immediately stored in a -70°C 
laboratory freezer. In 2010, samples were thawed and broken into aliquots into sterile 
polypropylene 50mL Fisherbrand disposable centrifuge tubes. Using aseptic techniques in a 
Safeaire ® Fisher Hamliton laminar flow class II biological hood, approximately 50mL was 
transferred into each tube. To ensure a homogenous mixture was added to each tube, the 
bottle was shaken every 2 aliquots. The samples were then stored back in -70°C. 
The drilling fluid samples were used for two main areas of investigation; (1) to study 
the biodegradation of the New and Return fluids, and (2) to study each of the fourteen 
samples individually.  
 
 
Figure 3. Illustration of drill core for AND-2A (ANDRILL SMS Science Team 2009) 






Table 2. Drilling fluid samples received from the ANDRILL SMS Science Team 
Mud Type Date Collected (2007) Volume (L) Total 





New 10/19 0.5 68.51 6.9 
New 10/20 0.5 92.89 8.2 
New 10/21 0.5 108.66 8.9 
New 10/21 0.5 122.00 9.5 
Return 10/22 0.5 148.00 10.8 
New 10/23 0.5 161.06 11.3 
New 10/23 0.5 172.00 11.9 
New 10/24 0.5 196.00 13.0 
New 10/25 0.5 199.56 13.2 
New 10/26 1.0 232.00 14.4 
New 10/28 1.0 233.00 14.5 
Return 10/29 1.0 254.00 15.3 
Return 10/29 1.0 270.71 16.1 
Return 10/30 1.0 (2) 320.00 18.2 
Biodegradation Experiment Setup 
 New drilling fluid samples were combined to complete the biodegradation study. 
Aliquots were thawed in a room temperature water bath for approximately 1 hour. Aliquots 
were combined into autoclaved 5L Nalgene carboys by pouring. All steps requiring open 
tubes were carried out using aseptic techniques in a Safeaire ® Fisher Hamliton laminar flow 
class II biological hood to reduce the possibility of biologic contamination. The fluids were 
thoroughly combined by shaking vigorously by hand for ten minutes. A total of 77 sterile 
polypropylene 50mL Fisherbrand disposable centrifuge tubes of New Fluid were prepared as 
follows (Figure 4). Forty (40) mL of drilling fluid was added, using a 100mL BD Falcon™ 
polystyrene nonpyrogenic sterile pipettes equipped with pump, to 73 tubes (12 of these were 





50mL tubes for initial killed controls (labeled XN0) and initial New Fluid (labeled NT0) 
analysis. Remaining fluids were reserved for future use and immediately stored in -70°C 
laboratory freezer. Fourteen (14) of the New Fluid sample tubes (including two 30mL tubes) 
containing New drilling fluid labeled XN, were prepared for use as killed controls by 
autoclaving at 121°C at 19kpa for 15 minutes in a Brinnkmann 2540E autoclave. The same 
procedure was followed for 77 Return drilling fluids for a total of 154 50mL tubes. The return 












Table 3. Sample abbreviations used during biodegradation experiment. 
Sample Abbreviations Used 
New Fluid Return Fluid 
Abbreviation Sample Abbreviation Sample 
NT0 New Time Zero RT0 Return Time Zero 
NA4 New Aerobic 4°C RA4 Return Aerobic 4°C 
NA20 New Aerobic 20°C RA20 Return Aerobic 20°C 
NA50 New Aerobic 50°C RA50 Return Aerobic 50°C 
NAN4 New Anaerobic 4°C RAN4 Return Anaerobic 4°C 
NAN20 New Anaerobic 20°C RAN20 Return Anaerobic 20°C 
NAN50 New Anaerobic 50°C RAN50 Return Anaerobic 50°C 
XNT0 New Killed Control 
Time Zero  
XRT0 Return Killed Control  
Time Zero  
XNT2 Final New  
Killed Control 




Samples were placed in incubations at three different temperatures 4°C, ~20°C and 
50°C at both anaerobic and aerobic conditions for a total of 6 different incubation 
environments (Figure 4). Each incubation environment contained 10 New Fluid tubes, 2 New 
killed control tubes, 10 Return Fluid tubes and 2 Return killed control tubes. The 60mL (two 
30mL tubes) of New and Return initial fluid tubes and the 60mL (two 30mL tubes) Initial 
New and Returned killed controls remained out for immediate sample processing. The 4°C 
samples were incubated in a Fisher Scientific Isotemp® model 304 incubator. The 20°C 
samples were incubated in the dark at room temperature. The 50°C samples were incubated in 
a Precision 815 incubator. Incubation temperatures were monitored and recorded over the 
duration of the study (Appendix A). For anaerobic samples, a BBL™ GasPak™ Anaerobic 
canister was used with three BD GasPak™ EZ sachets (T12-T32 samples were under nitrogen 





strips were used to detect anaerobic conditions. Samples were removed from incubation and 
processed at the following times: T0 (initial, time 0), XT0 (initial killed control) T1 (Time 1, 
after one day), T2 (Time 2, after two days), T4 (Time 4, after 4 days), and so on for T6, T14, 
T25, T40, XT2 (second killed control).  
Sample Processing Procedure 
 At each sampling day indicated above one New and one Return 50 mL sample was 
taken out of each incubation for processing (12 samples total each sampling day). Only one 
sample was removed from incubation at a time. Samples were vortexed briefly. Working in a 
laminar flow biological hood, using aseptic techniques, 600µL of each sample was quickly 
pipetted into three autoclaved Ependorff tubes and stored in -70ºC for future DNA isolation. 
For Biolog™ analysis, 4mL of fluid was quickly pipetted into 4mL of room temperature, 
autoclaved, buffer solution (Fisher Gram-Pac® Potassium Phosphate Monobasic/Sodium 
phosphate dibasic Buffer Salt, pH 7.41). The DO, pH, and EC measurements were taken and 
recorded. For ion analysis, samples were prepared by filtering 2mL of fluid sample through a 
0.22µm Millipore™ nitrocellulose filter. Using the filtrate a 1:100 dilution was prepared by 
weight with a 1% nitric acid solution to preserve for HR-ICP-MS analysis. The remaining 
filtrate was stored in -70ºC freezer for later ion chromatography analysis. All remaining 
drilling fluid was divided into four centrifuge tubes and stored in -70ºC freezer for further 






 Four different methods were used to study the microbial population on a community 
based level. Biolog EcoPlates™ were used to study the metabolic diversity of the viable 
microbial communities. RAPD PCR was used to analyze the bacterial community structure 
and determine the microbial diversity between samples. DNA quantification was used to 
study microbial growth. PLFA (Phospholipid Fatty Acid) analysis was used to study the 
viable biomass (for the individual fluids not the biodegradation experiment). 
Biolog EcoPlate™  
 Biolog EcoPlates™ (Biolog Inc.) contains 96 wells that consist of triplicates of 31 
individual carbon sources and 1 blank, each mixed with tetrazolium dye. If the carbon source 
is metabolized the respiration of the microbes causes reduction of the dye resulting in a purple 
color. This color change was quantified by measuring the absorbance at 595nm in a Bio-Rad 
550 Biolog™ plate reader. All work was done in the laminar flow biologic hood that was 
prepared by wiping all surfaces with 70% ethanol and further sterilized under UV light for 15 
minutes at the beginning of the sampling day. For each sample, 4mL was added to 4mL 
sterilized buffer (pH 7.41). Samples were vortexed and 75µL was pipetted into each well. To 
limit evaporation the edges of all plates were parafilmed. EcoPlates ™ were placed in the 
same incubation environment that the sample was removed from. Incubation temperatures 
were monitored and recorded (Appendix A). For anaerobic samples, a BBL™ GasPak™ 





and the first two days of T25 Biolog™ incubations were under Nitrogen atmosphere until 
shipment of GasPaks™ received). Plates were read after five and ten days on the Biolog™ 
plate reader. Statistical analysis was completed using SAS (version 4.3) software. 
 For each individual drilling fluid sample (not for biodegradation experiment) one 
50mL aliquot was thawed in a room temperature water bath for approximately twenty 
minutes. Two EcoPlates™ were prepared for each sample, by adding 75µL into each well 
using aseptic techniques. Due to laboratory constraints it was not possible to incubate each 
sample at the exact in-situ temperature. Therefore, the EcoPlates ™ were placed in the 
existing incubation temperature that was closest to the in-situ temperature at 4°C or 20°C 
(Appendix A). Two ecoplates™ were used for each sample for aerobic and anaerobic 
incubations. Plates were read after five and ten days on the Biolog™ plate reader. The 
absorbance data was analyzed using PCA (principal component analysis), cluster analysis, 
and Shannon-Weaver indices using a two tailed t-test to test for statistical significance. 
For PCA, the principal components were calculated from the raw absorbance data and 
three dimensional plots were produced using SAS® Enterprise guide 4.3 statistical software 
(SAS® Institute Inc. Cary, NC).  
 Cluster analysis was completed and dendograms were produced using SAS® 
Enterprise guide 4.3 statistical software (SAS® Institute Inc. Cary, NC). The Unweighted Pair 
Group Method with Arithmetic Mean (UPGMA), also referred to in SAS® as the average 
linkage cluster method, was used. The larger the average distance between clusters the more 
dissimilar the clusters are. 






𝐻 = − ∑ 𝑝i(ln pi) 
 
where pi is the ratio of the amount of carbon utilization of each substrate to the sum of the 
carbon utilization of all substrates (ODi/∑ODi).  
Species richness (S) is the total number of substrates utilized, in each sample.   
Pielou’s evenness index (J) is a measure the relative abundance of different species in 






Where H is the Shannon-Weaver indices for entropy and Hmax is the maximum value of 
entropy calculated by: ln S. 
DNA Isolation 
 To complete the PCR methods the DNA was first isolated using the MO BIO 
UltraClean™ Fecal DNA isolation kit (Mo Bio Laboratories, 2009). Aseptic techniques were 
used to reduce the amount of possible contamination. The manufacturer’s protocol was 
followed with the following modification; during step six (6) a Savant Bio 101 FastPrep™ 
FP120 bead beater was used for 20 seconds in place of vortexing for 10 minutes (Mo Bio 
Laboratories, 2009). The amount of extracted DNA was quantified by nano drop method 






RAPD-PCR (Random Amplified Polymorphic DNA - Polymerase Chain Reaction) 
 Trials were completed to determine the appropriate premix to use on twelve different 
FailSafe™ premixes; A-L. Premix F and D showed the best results. Premix F was chosen for 
its more abundant availability in our lab. RAPD primers 2817, (GAA)
5
, and 1344 were used. 
Master Mix was prepared for each sample using 0.5 µL GoTaq® Flexi DNA Polymerase, 1.0 
µL of the specific PCR primer, 12.5 µL FailSafe™ premix F, and 10.0 µL sterilized DI H2O. 
Thermocycle PCR reactions were prepared using 25µL total, consisting of 24µL master mix 
and 1.0µL DNA. Thermocycler settings for amplification using RAPD 2817 and RAPD 
(GAA)
5
 were as follows: initial melt at 94ºC for four (4) min. followed by 35 cycles of 
denaturing at 94ºC for one (1) min., annealing at 37ºC for one (1) min., extending at 72ºC for 
two (2) min., and completed by one nine (9) min. final extension at 72ºC. Thermocycler 
settings for amplification using RAPD 1344 were as follows: initial melt at 94ºC for five (5) 
min. followed by 35 cycles of denaturing at 94ºC for one (1) min., annealing at 42ºC for one 
(1) min., extending at 72ºC for two (2) min., and completed by one nine (9) min. final 
extension at 72ºC. Twelve (12) µL of amplified DNA was run on a 1% agarose gel prepared 
using 4 g agarose, 200 mL 1 X TAE buffer and prestained with 12 µL ethidium bromide, for 
three (3) hours at 100 volts. Two, 6 µL MassRuler™ DNA ladders were loaded onto each gel 
(ThermoScientific #SM0403). Gel images were produced using a Kodak Gel Logic Imaging 
System 200 (Kodak Scientific Imaging Systems, Rochester, NY). Band areas were calculated 
using Gelquest SequentiX – Digital DNA Processing®. The Gelquest® data was analyzed 





PLFA (Phospholipid Fatty Acid) Analysis Individual Fluid Samples 
PLFA analysis was completed for the individual drilling fluid samples (Table 2). All 
glassware was prepared by soaking in Vesphene for three hours, scrubbed, rinsed ten times 
with DI water and hung to dry overnight. Glassware was wrapped in aluminum foil and 
placed in a muffle furnace at 550ºC for six hours. All caps and lids were soaked in Vesphene 
for three hours, rinsed with tap water ten times and rinsed with DI water ten times. After 
drying, the caps were sonicated for two minutes in acetone. Drilling fluid samples were 
weighed and freeze dried in muffled centrifuge tubes using a VirTis™ Bench Top K Manifold 
Freeze Dryer. Freeze dried samples were reweighed and recorded. Samples were stored in a 
dissector until use. PLFA procedure was followed as described by Yermakov (2006). Briefly, 
lipids were extracted from freeze dried samples using methanol and chloroform. Neutral and 
polar fatty acids were separated using silicic acid chromatography. Each sample was loaded 
into a Solid Phase Extraction (SPE) FL column (Grace Davison Discovery Sciences, 
Deerfield, IL). Chloroform was used to separate and collect the neutral fatty acids. Methanol 
was used to separate and collect the polar (phospholipid) portion. To allow for volatilization 
in the gas chromatograph/mass spectrometer (GC/MS), methanolysis was completed by 
adding methanolic KOH and placing samples in a 60°C water bath. Liquid was evaporated 
and samples were stored in a -20°C freezer. An internal standard, 19:0 (nonadecanoate, 
Matreya, LLC) was used to quantify the PLFAs using a Varian Saturn 2100T GC/MS. 
Samples were reconstituted before injection into the GC/MS using 19:0 and hexane. FIM-
FAME-7 mix, CP mix, and PUFA-7 mix (all Matreya Biochemicals, Matreya, LLC) were 







 Dissolved Oxygen (DO) measurements were taken using a Vernier™ Dissolved 
Oxygen probe with a LabPro™ interface and downloaded LabPro™ software with a TI-84 
Plus Silver Edition™ graphing calculator. This meter has a range of 0 to 15 mg/L, and 
accuracy of ±0.2 mg/L, with automatic temperature compensation from 5-35ºC. The DO 
probe was calibrated using current temperature and barometric pressure at the beginning of 
each sampling day. To limit possible biologic contamination, the approximately 6mL 
necessary for microbial analysis was removed before DO measurements were taken. The 
sample was vortexed briefly before removing the microbial sample portion. Each DO 
measurement was taken within two minutes of its removal from its incubation environment. 
Because the DO measurements were not taken immediately the results will be used only as 
comparisons between the other biodegradation samples in this study. DO measurements were 
taken by placing the probe directly into the 50 mL tube, with continuous stirring during the 
reading, following the manufacturer’s instructions (Vernier, 2005).  
pH Measurements 
 The pH measurements were taken using a Thermo Scientific ORION™ Gel-Filled 
Combination pH electrode probe with a bench top Corning pH/ion analyzer 455. The meter 





4.00, 7.00, and 10.00 standard solutions. This meter has accuracy for pH of ±0.01, and 
temperature of ±0.5ºC. Measurements for pH and temperature were taken and recorded 
according to the manufactures instruction manual (Corning, 1996).  
Conductivity Measurements 
 Conductivity measurements were taken using a Fisher Scientific Accumet® Basic 
AB30 bench top conductivity meter, with an Accumet® two-cell conductivity probe (part# 
13-620-160). This meter was also equipped with a temperature probe. The meter’s range of 
measurement for conductivity is 0.0 to 500.0 mS/cm
2
, with a resolution of 0.01 for 
measurements between 10.00-99.99 mS/cm
2
 and 0.1 for measurements between 100.0-500.0 
mS/cm
2
. The accuracy is 0.5% of the reading. The meter was calibrated at the beginning of 
each sampling day. Conductivity measurements were taken by submersing the probe into the 
sample following the manufacturer’s instructions (Accumet, 2003). 
Anion Concentration 
 The anion concentrations were quantified using the Dionex DX500 Ion 
Chromatograph with a Dionex ED40 conductivity detector. The eluent used was potassium 
hydroxide and the deionized water was degassed with helium. The gradient pump speed was 
1mL/min. The column pressure was between 1700-1800 psi. The run time for samples was 18 





1:5, 1:10, 1:100 and 1:1000 anion standard solutions (Table 4). Samples were prepared by 
filtering 2mL drilling fluid through a 0.22 µm Millipore™ Nitrocellulose Membrane assisted 
with vacuum. Because of time constraints samples were not run immediately and the filtrate 
was stored in -70ºC for approximately one month prior to analysis. The day of analysis the 
filtrate was thawed on lab bench for approximately 15 minutes before it was diluted by weight 
to a concentration of 1:100. Quality control procedures were followed according to the EPA 
method 300.0. Blanks were run prior to samples, after 10 samples, and at the end of the day 
(Pfaff, 1993). The quality control solution was run prior to samples and the end of the 
sampling day showing that all concentrations were within ±10% of the known values. 
Approximately 4mL was injected for each sample. All samples were run in duplicate. 
 
Table 4. Calibration concentrations and detection limits for the Dionex DX500 Ion Chromatograph.  




Upper End of Linear 
Range (ppm) 
Fluoride 100 0.1 20 
Chloride 2000 2.0 400 
Nitrite 100 0.1 20 
Sulfate 2000 2.0 400 
Bromide 250 0.3 50 
Nitrate 500 1.0 100 
Phosphate 306 0.3 61 
Cation Concentration Quantification 
 All cation concentrations were quantified using a Thermo Scientific Element 2™ High 





concentric flow nebulizer. The high resolution mass spectrometer consists of two quadrapoles 
and one magnet. The mode of operation during this analysis was set to standard. The argon 
gas flow rate was 1 L min
-1
. The RF power was 1355 W. In-line internal standards were used. 
Six replicates were averaged over three runs and two passes. Quality control measures were 
followed according to EPA method 6020A (EPA, 2007). Prior to analysis, samples were 
prepared by filtering 2mL drilling fluid through a 0.22 µm Millipore™ Nitrocellulose 
Membrane assisted with vacuum. Two different dilutions from each sample were run. 
Samples were prepared by two step serial dilution, by weight, with 1% nitric acid solution to 
achieve 1:100 and 1:100,000 dilutions. Preserved samples were then stored at room 
temperature for approximately three months before analysis. 
Carbon and Nitrogen Analysis 
 Prior to carbon and nitrogen analysis samples were freeze dried using a VirTis™ 
Bench Top K Manifold Freeze Dryer. Total Carbon and Nitrogen was quantified using an 
Elementar Vario Max™ CNS for the individual fluid samples. The analyzer was run in 
standard mode and calibrated using L-Glutamic acid. Two blanks were run to purge the 
instrument before samples were run. Data was collected for the individual fluid samples 












Results of Microbial Methods  
 Three methods were used to study the microbial population during biodegradation on 
a community based level. Biolog EcoPlates™ were used to study the metabolic diversity of 
the viable microbial communities. PCR methods were used to analyze the bacterial 
community structure and determine the microbial diversity between samples. DNA 
concentrations for each sample were used to reflect the growth of the microbial population.  
Biolog EcoPlate™ Results 
 The data obtained from the Biolog Ecoplates™ were analyzed using four different 
approaches: (1) principal component analysis (PCA), (2) cluster analysis, (3) Shannon indices 





Principal Component Analysis (PCA) 
Principal components were calculated from the raw absorbance data and three 
dimensional plots were produced (SAS® 4.3) (Appendix B). For comparison, PCA analysis 
was completed using the data after the Biolog™ plates were incubated for five days (D5) and 
ten days (D10). All components were calculated and plotted for the different data groups 
(Appendix B); all samples together, new fluids, return fluids, aerobic and anaerobic 
incubations, and finally each incubation environment individually. These PCA plots represent 
the relationship between samples with respect to the carbon substrate utilization of the viable 
microbial population.  
The main separation observed when all samples are plotted is due to the incubation 
temperature (Figure 5). There are clear groups of 4, 20 and 50°C represented by cones, cubes 
and spheres, respectively. The second major separation is due to the oxygen presence or 
absence during incubation. 
The principal components from each incubation environment were plotted separately 
(Appendix B) to determine the incubation day that shifts in the carbon substrate utilization 
occur during biodegradation. Most of the PCA plots show somewhat similar variations among 
the data sets where shifts in the microbial population based on substrate metabolism can be 
identified. For example, the NAN4 D5 PCA plot (Figure 6) shows a clearly defined shift in 





Figure 5. PCA plot of first three principal components for all samples after the Biolog Ecoplates™ 
were incubated for ten days. The percent variation explained by each axis is in parenthesis. 
 
and both killed controls. Day zero (0) is separated from the main cluster showing little 
relationship between the data sets. Days fourteen (14) and twenty-five (25) are grouped 
together farther away from the main cluster. The RAN20 D5 plot (Figure 7) indicates a shift 
on the same days. Days fourteen (14) and twenty-five (25), are similar to each other and plot 







Figure 6. PCA plot of first three principal components for new anaerobic 4°C samples after the Biolog 




Figure 7. PCA plot of first three principal components for return anaerobic 20°C samples after the 







 The entropy (H), richness (J), and evenness (S) with respect to the carbon substrate 
utilization was calculated for the incubations individually (Appendix C). There were large 
differences in H, J and S over the forty (40) days of the biodegradation experiment for at least 
half of the twelve (12) incubations. NAN4, RAN4, RAN20, and RAN50 had large differences 
in all three measures with no discernable pattern (Appendix C). The NAN20 samples only 
showed large changes for the entropy and evenness after the Biolog™ plates were incubated 
for ten (10) days (D10). The NAN50 samples showed changes in entropy and evenness only 
for the plates that were incubated for five (5) days (D5). NA50 and RA4 samples showed 
large variations in all, with the exception of the evenness for NA50 biolog D10 and RA4 
biolog D5. All other incubation environments, mainly the aerobic samples, did not show 
much variation with respect to entropy, richness and evenness over the incubation period.  
To illustrate the impact different subsurface environments, i.e. absence of oxygen, can 
have on the microbial metabolism of the carbon sources the carbon substrate utilization results 
between incubation environments were compared. Statistical significance was tested by using 
a two tailed t-test assuming unequal variance (Microsoft® Excel 2010, Microsoft 
Incorporated) using the mean entropies, evenness and richness. Samples were compared first 
by separating into groups based on oxygen usage, then grouped by new versus return fluid, 
and finally the initial killed controls were grouped and compared to the final killed controls 





Table 5. Mean H, J and S comparisons for Biolog™ plates read at day five. The p-values in bold indicate results that are statistically significant 
found using a two tailed t-test assuming unequal variance (α =0.05).  
Aerobic and Anaerobic Biolog™ Day 5  
 
Mean Shannon Entropy (H), Evenness (J), and Richness (S) 




H J S H J S ΔH p-value ΔJ p-value ΔS p-value 
All 2.827 0.875 26.1 2.406 0.762 24.6 -0.421 6.74E-06 -0.113 1.90E-06 -1.5 0.177 
New 4° 2.729 0.818 28.1 2.420 0.748 25.5 -0.309 0.084 -0.070 0.093 -2.6 0.168 
New 20° 2.836 0.843 29.0 2.870 0.872 26.9 0.034 0.710 0.029 0.253 -2.1 0.009 
New 50° 2.814 0.869 25.9 1.930 0.572 29.1 -0.884 5.10E-04 -0.297 4.02E-06 3.3 0.186 
Return 4° 2.354 0.874 15.6 2.430 0.868 17.3 0.076 0.785 -0.007 0.901 1.6 0.638 
Return 20° 2.812 0.851 27.3 2.175 0.776 17.0 -0.637 0.013 -0.075 0.103 -10.3 0.002 
Return 50° 3.244 0.951 30.3 2.328 0.704 27.1 -0.915 0.006 -0.247 0.005 -3.1 0.102 
Killed All 2.943 0.903 26.3 2.596 0.783 27.5 -0.347 0.132 -0.121 0.054 1.3 0.494 
New and Return Biolog™ Day 5 
 
Mean Shannon Entropy (H), Evenness (J), and Richness (S) 




H J S H J S ΔH p-value ΔJ p-value ΔS p-value 
All 2.624 0.793 27.6 2.609 0.844 23.1 -0.015 0.876 0.051 0.035 -4.5 5.00E-05 
Aerobic 4° 2.729 0.818 28.1 2.354 0.874 15.6 -0.375 0.033 0.056 0.082 -12.5 1.19E-04 
Aerobic 20° 2.836 0.843 29.0 2.812 0.851 27.3 -0.024 0.806 0.009 0.750 -1.8 0.098 
Aerobic 50° 2.814 0.869 25.9 3.244 0.951 30.3 0.430 0.028 0.083 0.018 4.4 0.077 
Anaerobic 4° 2.420 0.748 25.5 2.430 0.868 17.3 0.010 0.971 0.120 0.058 -8.3 0.026 
Anaerobic 20° 2.870 0.872 26.9 2.175 0.776 17.0 -0.695 0.008 -0.096 0.043 -9.9 0.003 
Anaerobic 50° 1.930 0.572 29.1 2.328 0.704 27.1 0.399 0.151 0.132 0.082 -2.0 0.305 
Killed All 2.722 0.817 28.1 2.817 0.869 25.7 0.095 0.687 0.052 0.413 -2.4 0.183 
Killed Controls Biolog™ Day 5 
 
Mean Shannon Entropy (H), Evenness (J), and Richness (S) 
No statistically significant differences 
Incubation 
X0 X2 
H J S H J S ΔH p-value ΔJ p-value ΔS p-value 






Table 6. Mean H, J and S comparisons for Biolog™ plates read at day ten. The p-values in bold indicate results that are statistically significant 
found using a two tailed t-test assuming unequal variance (α =0.05).  
Aerobic and Anaerobic Biolog™ Day 10  
 
Mean Shannon Entropy (H), Evenness (J), and Richness (S) 




H J S H J S ΔH p-value ΔJ p-value ΔS p-value 
All 2.749 0.832 27.2 2.368 0.740 25.1 -0.381 1.43E-04 -0.092 5.04E-04 -2.1 0.023 
New 4° 2.320 0.697 28.0 2.325 0.742 23.3 0.006 0.959 0.045 0.212 -4.8 0.008 
New 20° 2.955 0.875 29.3 2.793 0.837 28.1 -0.162 0.188 -0.038 0.289 -1.1 0.016 
New 50° 2.897 0.887 26.9 1.943 1.623 29.4 -0.954 2.53E-04 0.736 3.10E-03 2.5 0.227 
Return 4° 1.722 0.586 18.8 2.237 0.739 20.9 0.515 0.098 0.153 0.062 2.1 0.477 
Return 20° 3.007 0.890 29.5 2.593 0.852 21.3 -0.413 0.020 -0.037 0.219 -8.3 0.002 
Return 50° 3.295 0.964 30.5 2.059 0.643 25.1 -1.236 9.310E-05 -0.322 1.999E-04 -5.4 0.030 
Killed All 2.926 0.877 28.2 2.538 0.772 26.8 -0.387 0.058 -0.105 0.058 -1.3 0.366 
New and Return Biolog™ Day 10 
 
Mean Shannon Entropy (H), Evenness (J), and Richness (S) 




H J S H J S ΔH p-value ΔJ p-value ΔS p-value 
All 2.528 0.768 27.2 2.588 0.803 25.1 0.060 0.561 0.035 0.191 -2.1 2.130E-02 
Aerobic 4° 2.320 0.697 28.0 1.722 0.586 18.8 -0.598 0.030 -0.111 0.058 -9.3 3.66E-01 
Aerobic 20° 2.955 0.875 29.3 3.007 0.890 29.5 0.052 0.303 0.014 0.348 0.3 0.779 
Aerobic 50° 2.929 0.912 25.4 3.295 0.964 30.5 0.367 0.020 0.053 0.016 5.1 0.043 
Anaerobic 4° 2.325 0.742 23.3 2.237 0.739 20.9 -0.088 0.688 -0.003 0.956 -2.4 0.336 
Anaerobic 20° 2.793 0.837 28.1 2.593 0.852 21.3 -0.200 0.275 0.015 0.722 -6.9 5.636E-03 
Anaerobic 50° 1.943 0.577 29.1 2.059 0.643 25.1 0.117 0.523 0.066 0.197 -4.0 0.197 
Killed All 2.465 0.747 27.1 2.999 0.901 27.9 0.533 0.007 0.154 3.626E-03 0.8 0.573 
Killed Controls Biolog™ Day 10 
 
Mean Shannon Entropy (H), Evenness (J), and Richness (S) 
No statistically significant differences 
Incubation 
X0 X2 
H J S H J S ΔH p-value ΔJ p-value ΔS p-value 





Relative Percent Carbon Utilization by Carbon Type  
 Four (4) of the drilling fluid additives consist of carbohydrates that are α-glucose 
isomers (Table 7) and therefore easily metabolized by microbial populations. Biolog 
Ecoplates™ contain six different types of carbon substrates (Table 8). To show changes with 
time, the relative percent carbon utilization, by carbon type, was calculated using absorbance 
results from plates read at five (5) and ten (10) days (Figures 8-11).  
 
Table 7. Drilling fluid additives that were mixed onsite with sea water from the area. Brief description 
of each component.  



















Polysaccharide, Straight chain 
galactomannan 
 FloVis® Polysaccharide, Xanthan polymer  
 Barazan-D® / Duovis® 
Polysaccharide, Dispersion-enhanced 
xanthan biopolymer 
 Duovis Polysaccharide, Xanthan Gum 
 PAC-L® / Polypac-UL® 




Cellulose Derivative, Modified natural 
polyanionic cellulosic polymer 
 Polypac-UL® Cellulose polymer 













L  Major additive, densifying salt 
 Kwik Seal® vegetable and polymer particles 
 Barafibre/Omyacal® Calcium Carbonate CaCO3 
 KCl Fine grade Densifying salt 
 Soda Ash Sodium Carbonate Na2CO3 
 Sodium Bicarbonate Sodium Bicarbonate NaHCO3 






Table 8. Carbon sources by type (adapted from Garland and Mills 1991) of Biolog Ecoplates™. 
Carbon Type 
  
Amines Carboxylic Acids 
Putrescine D-Galacturonic Acid 
Phenylethyylamine D-Galactonic Acid γ-Lactone 
Amino Acids D-Glucosaminic Acid 
L-Arginine 2-Hydroxybenzoic Acid 
L-Asparagine 4-Hydroxybenzoic Acid 
Glycycl-L-Glutamic Acid γ- Hydroxybutyric Acid 
L-Phenylalnine Carboxylic Acids 
L-Serine D-Galacturonic Acid 
L-Threonine D-Galactonic Acid γ-Lactone 
Carbohydrates Phosphorylated Compounds 
N-Acetyl-D-Glucosamine Glucose-1-Phosphate 
D-Cellobiose D-L-α- Glycerol Phosphate 
i-Erythritol Polymers 
α- D-Lactose α- Cyclodextrin 
D-Mannitol Tween 40 
β- Methyl-D-Glucoside Tween 80 
D-Xylose Glycogen 
 
In general the dominate types of carbon utilized throughout the incubations were the 
polymers and the carbohydrates (Figure 8-11). The least utilized carbon types were the 
phenolic compounds and the amines or carboxylic acids differing by incubation environment. 
Within each incubation environment the percent utilization based on carbon type varied with 
the incubation time (Figure 8-11 and Appendix D). The change in relative percent carbon type 
metabolized from day five (5) to day ten (10) was calculated (Appendix D) to show the 
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Biolog Ecoplate™ Cluster Analysis 
The absorbance data from the Biolog Ecoplate™ analysis was used to construct the 
dendograms (SAS® 4.3). Dendograms were produced for the different data groups (Appendix 
E); all samples together, new fluids, return fluids, aerobic and anaerobic incubations, and 
finally each incubation environment individually. These dendograms represent the 
relationship between samples with respect to the carbon substrate utilization of the viable 
microbial community.  
The cluster analysis for all samples showed the closest relationships exist between 
samples from the killed controls, 4°C, 50°C, day zero (0), and most of day one (1) (Figure 
12). A majority of the samples in the aerobic 20°C incubations for both new and return fluids 
are the least related to each other and the other samples.  
 The shifts in substrate utilization for the different incubations separately were 
compared (Appendix E). Each incubation environment shows shifts in the viable microbial 
community, based on substrate utilization, on different days throughout the incubation. For 
example, the NAN4 incubations show days fourteen (14) and twenty-five (25) are unrelated to 
the other incubation days (Figure 13). The denodogram representing the RAN20 data is quite 
similar (Figure 14), showing incubation days fourteen (14) and twenty-five (25) are unrelated 






Figure 12. Cluster analysis of all Biolog™ day five data.  






Figure 13. Cluster analysis of NAN4 Biolog™ day five data. 
 
 
Figure 14. Cluster analysis of RAN20 Biolog™ day five data. 
RAN20 Biolog™ D5 






RAPD PCR  
 RAPD PCR methods were used to analyze the bacterial community structure and 
determine the microbial diversity between samples. The results of PCR techniques represent 
both the viable and nonviable community. The gel images produced are in Appendix F. The 
three primers used, RAPD GAA
5
, 2817, and 1377, were averaged and analyzed using two 
different methods; cluster analysis and indices of entropy (H), evenness (J), and species 
richness (S). 
Cluster Analysis RAPD PCR 
 Cluster analysis was completed and dendograms were produced (SAS® 4.3) using the 
Unweighted Pair Group Method with Arithmetic Mean (UPGMA), representing the 
correlation between samples with respect to the microbial community structure of both the 
viable and nonviable community (Appendix G). All components were calculated and plotted 
individually for the different incubations. 
 Each incubation environment showed different community composition between the 
incubation days. For example, the RAN20 (Figure 15) incubation shows incubation day zero 
through two (0-2) are unrelated to the other incubation days and days four (4) and six (6) are 








Entropy, Richness, and Evenness RAPD PCR 
The entropy (H), species richness (S), and evenness (J) with respect to the band areas 
were calculated for each incubation individually (Appendix G) to illustrate how the changes 
in each occur over time. The Shannon-Weaver indices for entropy (H) were calculated as 
follows: 
𝐻 = − ∑ 𝑝i(ln pi) 
where pi is the ratio of the area of each band to the sum of the area of all bands. Species 
richness (S) is the total number of bands present, in each sample. Pielou’s evenness index (J) 
was calculated using the formula: 
Figure 15. Cluster analysis of RAN20 incubation using the presence/absence binary data 
from RAPD-PCR.  










Where H is the Shannon-Weaver indices for entropy and Hmax is the maximum value of 
entropy calculated by: ln S.  
The most variation in entropy, richness and evenness occurred for all the samples 
incubated at 20°C (NA20, NAN20, RA20, and RAN20) as expected, though no pattern in the 
data was discernable. The RA4 samples showed variation in the entropy and evenness 
(Appendix G). The RAN50 samples had variation in richness (Appendix G). The other 
incubation environments did not have large variations between the sampling days.   
The band areas were compared to determine the impact the different subsurface environments, 
i.e. absence of oxygen, can have on the microbial community structure. Statistical 
significance was tested by using a two tailed t-test assuming unequal variance (Microsoft® 
Excel 2010) using the mean H, J and S (Table 9). Samples were compared first by separating 
into groups based on oxygen usage, then grouped by new versus return fluid, and finally the 





Table 9. Entropy, evenness and richness comparison of the RAPD PCR results. Statistical significance was tested by using a two tailed t-test 
assuming unequal variance (Microsoft® Excel 2010, Microsoft Incorporated) using the mean entropies, evenness and richness. Bold values 
indicate statistically significant differences. 
Aerobic and Anaerobic RAPD PCR results  
 
Mean Shannon Entropy (H), Evenness (J), and Richness (S) Difference 
Incubation 
Temp. (°C) 
Aerobic Anaerobic Bold values indicate statistical significance 
H J S H J S ΔH p-value ΔJ p-value ΔS p-value 
All 2.42 0.73 25.6 2.53 0.76 27.1 0.112 0.384 0.024 0.508 1.5 0.291 
New 4° 2.70 0.81 28.6 2.70 0.81 28.3 -0.010 0.784 0.000 0.967 -0.4 0.610 
New 20° 2.00 0.68 18.5 2.55 0.78 26.4 0.550 9.3E-03 0.094 0.059 7.9 8.5E-05 
New 50° 2.74 0.82 28.3 2.73 0.81 29.3 -0.008 0.841 -0.011 0.348 1.0 0.165 
Return 4° 2.52 0.78 25.8 2.62 0.80 26.7 0.099 0.340 0.023 0.417 0.9 0.187 
Return 20° 2.54 0.76 28.7 2.60 0.78 28.2 0.057 0.743 0.022 0.591 -0.5 0.773 
Return 50° 2.79 0.82 30.7 2.82 0.82 31.3 0.027 0.397 0.003 0.707 0.6 0.548 
Killed All 1.63 0.48 18.5 1.70 0.51 19.4 0.071 0.925 0.035 0.866 0.9 0.917 
New and Return RAPD PCR results 
 
Mean Shannon Entropy (H), Evenness (J), and Richness (S) Difference 
Incubation 
Temp. (°C) 
New Return Bold values indicate statistical significance 
H J S H J S ΔH p-value ΔJ p-value ΔS p-value 
All 2.62 0.79 27.4 2.34 0.70 25.3 -0.288 0.025 -0.092 0.010 -2.1 0.131 
Aerobic 4° 2.70 0.81 28.6 2.52 0.78 25.8 -0.183 0.089 -0.032 0.255 -2.8 1.4E-03 
Aerobic 20° 2.00 0.68 18.5 2.54 0.76 28.7 0.540 0.013 0.072 0.148 10.2 3.9E-05 
Aerobic 50° 2.74 0.82 28.3 2.79 0.82 30.7 0.050 0.105 -0.005 0.596 2.5 0.013 
Anaerobic 4° 2.70 0.81 28.3 0.82 0.80 26.7 -1.880 0.596 -0.009 0.444 -1.5 0.033 
Anaerobic 20° 2.55 0.78 26.4 2.60 0.78 28.2 0.047 0.772 0.000 0.991 1.8 0.244 
Anaerobic 50° 2.73 0.81 29.3 2.82 0.82 31.3 0.085 0.053 0.009 0.393 2.0 0.042 
Killed All 3.00 0.86 33.4 0.21 0.09 2.8 -2.791 2.0E-06 -0.762 1.8E-05 -30.7 1.9E-06 
Killed Controls RAPD PCR results 
 
Mean Shannon Entropy (H), Evenness (J), and Richness (S) Difference 
Incubation 
X0 X2 No statistical significance 
H J S H J S ΔH p-value ΔJ p-value ΔS p-value 
All 2.08 0.63 24.8 1.53 0.45 17.0 -0.552 0.705 -0.186 0.554 -7.9 0.620 





DNA Quantification Results 
Isolated DNA was quantified to estimate biomass growth. For comparison the 
concentrations are plotted with dissolved oxygen as well as pH (Appendix H). For the NAN20 
samples, in general, as the DNA concentrations increased the DO and pH measurements 




Figure 16. DNA concentration plotted with dissolved oxygen for NA20 incubation. Error bars for DO 
represent the instrument accuracy of ±0.2mg/L. Error bars for DNA represent the standard deviation. 







































Figure 17. DNA concentration plotted with pH for NAN20 incubation. Error bars for pH represent the 
instrument accuracy of ±0.01 are within the maker area. Error bars for DNA represent the standard 
deviation. Unseen error bars are within the marker area. 
Results of Chemical Methods  
 To study the significant chemical changes that take place during biodegradation, data 
was collected for different chemical parameters; dissolved oxygen, pH, conductivity, and 
major ions. 
Dissolved Oxygen, pH, and Conductivity Results  
The concentration of dissolved oxygen in each of the incubated samples varied with 
time and incubation environment (Tables 10-11 and Appendix I). All of the new (NA and 



































the same general decreasing trend in oxygen concentration with the exception of the NA50 
and RA50 (Appendix I) incubations which show an increasing trend. The highest DO 
concentration was T0 for all incubations with the exception of three (3) of the 50°C 
incubations; NA50 at T1, RA50 at T25, and RAN50 at T2. The lowest DO concentrations were 
observed on different incubation days with no discernable pattern. 
The pH of each of the incubated samples varied with time and incubation environment 
(Table 12-13 and Appendix I). Overall, the pH of the NA incubations is slightly higher than 
the NAN incubations. Also, the pH of the anaerobic samples is the highest at time zero (0) for 
all three different incubation temperatures.  
The conductivity in the samples changed with time (Table 14-15 and Appendix I). In 
general, the results for the new fluid samples were strikingly similar with a peak at day one 
(1) or two (2) followed by a gradual decrease to day twenty-five (25), eventually leveling off. 
The return fluid samples showed nearly the same results as the new with the exception of a 






Table 10. Dissolved oxygen concentrations (mg/L) and basic statistical information for all new fluids. 
The instrument accuracy is ±0.2 mg/L is. 



























0 8.0 8.0 8.0 8.0 8.0 8.0 
1 5.5 6.7 10.4 5.1 5.8 5.6 
2 5.2 4.4 3.4 4.7 4.5 7.7 
4 4.7 3.2 1.3 6.6 5.0 2.9 
6 4.8 5.8 6.3 4.2 4.6 6.1 
14 3.2 3.7 3.6 3.6 2.2 4.3 
25 3.7 3.5 9.8 3.3 4.4 5.2 
40 3.2 4.4 8.9 2.8 4.0 3.3 
mean 4.8 5.0 6.5 4.8 4.8 5.4 
Standard 
Deviation 















Table 11. Dissolved oxygen concentration and basic statistical information for all return fluid 
incubations. The instrument accuracy is ±0.2 mg/L is. 



























0 7.8 7.8 7.8 7.8 7.8 7.8 
1 4.2 6.5 6.8 4.1 2.5 5.7 
2 2.1 6.4 7.1 4.7 4.6 9.0 
4 4.7 4.3 4.6 4.6 4.0 4.2 
6 4.1 4.7 6.5 4.6 4.7 6.7 
14 3.2 3.7 4.3 4.0 3.4 6.6 
25 2.8 4.0 8.8 3.1 4.1 4.0 
40 2.9 4.6 7.3 3.5 3.0 4.8 
mean 4.0 5.3 6.7 4.6 4.3 6.1 
Standard 
Deviation 


















Table 12. The pH for new fluids including the range of the measurements. The instrument accuracy is 
±0.01. 




















0 7.26 7.26 7.26 7.26 7.26 7.26 
1 7.22 6.88 7.11 6.58 6.46 6.40 
2 6.96 6.77 7.17 6.17 6.13 6.19 
4 6.86 6.92 7.80 6.25 6.11 6.11 
6 6.89 7.17 7.23 6.60 6.12 6.06 
14 7.37 7.23 8.01 6.24 6.27 6.50 
25 7.19 7.33 8.39 6.66 6.82 7.17 















Table 13. The pH for return fluids including the range of the measurements. The instrument accuracy 
is ±0.01. 




















0 7.26 7.26 7.26 7.26 7.26 7.26 
1 7.48 7.39 7.09 6.94 6.99 6.72 
2 7.46 7.38 7.09 6.73 6.65 6.45 
4 7.59 7.06 6.94 6.66 6.44 6.42 
6 7.65 7.34 7.06 6.60 6.89 6.44 
14 7.55 7.26 7.57 6.74 6.70 6.85 
25 7.04 7.02 7.27 6.94 6.98 7.32 




















Table 14. The conductivity for new fluids including basic statistical information. The instrument 
accuracy is 0.5% of the conductivity value and the meter’s resolution is 0.01 mS/cm2. 
Conductivity (mS/cm
2




















0 10.17 10.17 10.17 10.17 10.17 10.17 
1 62.98 64.19 64.90 61.51 55.62 64.49 
2 57.45 61.57 63.87 55.15 60.99 62.93 
4 45.81 48.06 54.10 47.31 48.47 50.43 
6 32.55 37.50 42.87 33.86 39.29 35.20 
14 19.97 35.34 27.69 21.56 28.97 22.59 
25 14.78 17.64 19.47 18.94 21.21 23.37 
40 12.98 18.51 15.23 16.80 19.67 22.11 
mean 32.09 36.62 37.29 33.16 35.55 36.41 
Standard 
Deviation 















Table 15. The conductivity for return fluids including basic statistical information. The instrument 


























0 44.05 44.05 44.05 44.05 44.05 44.05 
1 54.34 58.25 71.07 64.71 65.55 60.34 
2 62.14 67.43 67.22 61.73 63.86 65.34 
4 45.41 51.22 54.66 42.76 48.93 45.28 
6 29.33 36.96 42.01 32.76 33.57 30.05 
14 20.86 20.76 33.52 20.93 23.90 21.14 
25 15.48 17.09 29.48 19.62 20.27 21.62 
40 13.94 18.66 23.13 15.07 15.60 19.75 
Mean 35.69 39.30 45.64 37.70 39.47 38.45 
Standard 
Deviation 



















Ion Concentration Results Biodegradation Experiment 
 The ion concentrations varied with time in each incubation environment (Appendix J).  
Cadmium (Cd), Uranium (U), and Gallium (Ga) were not found in samples and may have 
been below the detection limit. 
The chloride, sulfate, and bromide concentrations of all samples remain fairly constant 
during the experiment with the exception of an increase over time of the Aerobic 50°C 
samples (Appendix J).  
The Barium results are particularly interesting (Figures 18 and 19). For most of the 
New fluids, days zero (0) and days forty (40) have concentrations that are approximately 20 
ppb higher than the rest of the incubation days while the second killed control (X2) is 
approximately 15 ppb lower than the initial killed control (X), with the exception of the New 
Aerobic 20°C sample. The Return fluids show the same relationship between the killed 
controls and the day forty (40) samples (this time the exception is seen for the Return 
Anaerobic 4°C). However, with the Return fluids the lowest concentration for Barium is seen 
on day zero (0) for all the incubations. 
Thallium (Figure 20) and lead (Figure 21 and 22) were only found in a few of the 
sample days, mainly the New Aerobic and Anaerobic 50°C. It is possible thallium and lead 
were present in the other sample days but were below the detection limit of the ICP-MS.  
Manganese is present in much lower concentrations in New fluids (≤ 3 ppb) than Return 





Iron was present in higher concentrations in all the New fluid incubations than the 
Return fluids (Figures 25 and 26). For the most part, aerobic samples in each incubation have 
lower iron concentrations than their anaerobic counterparts.  
Boron concentrations for the Return fluid incubations increase with time (Figure 27). 
Aluminum concentrations vary much more than the other ions for most of the 
incubation environments with no discernable pattern, (Figures 28 and 29).   
All ions increased in concentration in the Aerobic 50°C incubation (Appendix J) with 
the exception of thallium, manganese, and zinc. The final killed controls did not show an 
increase, or the increase was much smaller for barium, vanadium and arsenic for the New and 























































































Incubation Day and Environment 
Barium Concentration New Fluids 












































































Incubation Day and Environment 
Barium Concentration Return Fluids 
























































































Incubation Day and Environment 
Thallium Concentration New Fluids 












































































Incubation Day and Environment 
Lead Concentration New Fluids 























































































Incubation Day and Environment 
Lead Concentration Return Fluids 




















































































Incubation Day and Environment 
 Manganese Concentration New Fluids 































































































Incubation Day and Environment 
 Manganese Concentration Return Fluids 














































































Incubation Day and Environment 
 Iron Concentration New Fluids 

























































































Incubation Day and Environment 
 Iron Concentration Return Fluids 













































































Incubation Day and Environment 
Boron Concentration Return Fluids 





























































































Incubation Day and Environment 
Aluminium Concentration New Fluids 

















































































Incubation Day and Environment 
Aluminium Concentration Return Fluids 










DISCUSSION AND CONCLUSION 
Discussion 
Most research on the biodegradation of drilling fluids has focused on those fluids used 
in the recovery of hydrocarbons (Munro, et al. 1998; Herman and Roberts, 2005; Nguyen et 
al., 2006; Rojas-Avelizapa et al., 2007) or in natural gas wells (Struchtemeyer et al., 2011). 
While these studies have environmental importance, they have not stressed what impact the 
introduction of drilling fluid will have on the subsurface microbial populations.  
 This study utilizes the actual fluids that were introduced to the subsurface. Previous 
studies have looked at the biodegradation of some individual components of the drilling fluids 
using laboratory recreated solutions (Munro et al., 1998; Herman and Roberts, 2005; Nguyen 
et al., 2006) or have used inoculations of specific microbes (Vilchez-Vargas et al., 2010). 
These inoculations are not a full representation of the in situ microbial populations and may 
utilize the carbon source(s) at different rates. The drilling fluids will introduce surface 
microbes to the subsurface that will add an increase to the in situ population (Griffin, et al. 
1997; Zhang et al., 2006), thus increasing competition for nutrient resources. Furthermore, 
community functions of microorganisms will behave differently depending on the microbes 
present. It has been shown that the metabolic processes of some bacteria can be dependent on 





the previous studies can aid in the understanding of biodegradation, they do not represent the 
full picture of how these synergistic relationships will affect biodegradation of the drilling 
fluid.   
 The original objective of this study was to determine the rate of biodegradation of the 
drilling fluid that was lost to the subsurface during the ANDRILL 2A core recovery. Due to 
instrument issues, it was not possible to obtain the data necessary to determine the actual 
decay rate within the time frame given for this project. However, there is sufficient evidence 
to support the hypothesis that biodegradation is occurring and the time variations of the 
biodegradation that occur dependent on temperature and oxygen presence/absence. Evidence 
of microbial metabolism includes changes in DO, EC, pH and major ion concentrations. The 
observed increases in microbial populations as well as shifts in the community structure can 
also be a result of biodegradation.  
Both aerobic and anaerobic conditions can exist in the subsurface. In situ temperatures 
were recorded during the drill core recovery, ranging from -0.52°C at the beginning depth of 
0.036 mbsf to 56.87°C at 1138.47 mbsf. In other research, bacteria has been successfully 
isolated from a borehole at a depth of 5278 m at temperatures between 65-75°C (Szewzyk et 
al., 1994) as well as metabolically active at -15ºC in permafrost (Mykytczuk et al., 2013) and 
-20°C in sea ice (Junge et al., 2004). The in situ borehole temperatures and oxygen 
concentrations are represented in this lab experiment using incubations at temperatures of 4, 





Evidence of Biodegradation 
The concentration of DNA has been used to quantify bacterial growth (Jaysree et al., 
2013). In general, in the current study, as the DNA concentrations increased the DO and pH 
measurements decreased. This supports the hypothesis that biodegradation is occurring as the 
microorganisms utilize the dissolved oxygen as a terminal electron acceptor, lowering the 
concentration of DO in the drilling fluid. The pH decreases during metabolism when the 
microbes produce organic acids. Further steps in the metabolic process utilize the organic 
acids, allowing the pH to rise again. 
 The typical microorganism growth curve consists of four phases; (1) an initial lag 
phase in which the microbes are acclimating to their environment, (2) a growth phase in 
which the microbes utilize available nutrients and increase in numbers, (3) followed by a 
stationary phase in which the growth and death rates of the microbes are equal, and finally (4) 
the death phase in which the death rate exceeds the growth rate and the population is greatly 
reduced, eliminated, or enters dormancy (Maier et al., 2000). The observed changes in DNA 
concentrations over time can represent microbial growth curves. The existence of more than 
one growth period may reflect the competition and growth of different bacterial populations 
that required a longer acclamation period to adjust to the incubation conditions. The Biolog™ 
results along with the RAPD-PCR results illustrate the changes in microbial community 
structure and composition during biodegradation.   
A note on controls used during this study. The drilling fluid controls were autoclaved 
to kill microbes present in the fluid. DNA analysis and PCR (polymerase chain reaction) has 





remain in samples for up to 55 days (Dupray et al., 1997; Nielsen et al., 2007) contributing to 
false positive results of DNA quantification (Josephson et al., 1993; Keer and Birch, 2003; 
Bae and Wuertz, 2009). It has also been noted (on an autoclave sales website) that standard 
laboratory autoclaves do not measure the temperature of liquids; only the ambient temperature 
in the autoclave is monitored leading to the possibility of incomplete sterilization of liquids 
(Microbiology International, 2012). Furthermore, some Archea have survived typical 
autoclave sterilization temperatures of 121°C (Kashefi and Lovely, 2003). Suyama and 
Kawaharasaki (2013) have found that the standard autoclave time of 20 minutes was not 
sufficient to destroy DNA on lab equipment used for PCR and the autoclave itself can be a 
source of cross contamination of the samples. In the current study, it is impossible to tell if the 
killed controls were not completely sterilized at the experiment onset or if they were 
contaminated during lab procedures. However, the data obtained through the biologic 
methods show the killed controls are significantly different from the other samples. 
  Electrical conductivity can increase in response to microbial metabolism (Atekwana 
and Atekwana, 2010). The microbial production of organic and carbonic acids leads to an 
increase in chemical weathering of the sediments, thus releasing ions into solution, increasing 
the electrical conductivity (Atekwana and Atekwana, 2010). The degradation of hydrocarbons 
can increase bulk conductivity that can coincide with a decrease in sulfate (terminal electron 
acceptor), an increase in calcium ions, and an increase in reduced iron (Atekwana et al., 
2005). Williams et al. (2009) also found changes in geophysical signatures during 






 In this study, the peaks in electrical conductivity observed in all twelve incubations, on 
days one or two followed by a gradual decrease for the remaining duration, are not supported 
by the ion concentration data. Because the dilutions necessary for equipment preservation (1 
to 100) it is likely that other ions could exist in the fluid samples that were below the 
detection limit. The DNA concentrations support the electrical conductivity peak for the 
return fluids with the highest concentrations measured on days 1-4, but do not support the 
peaks seen for the new fluids which show highest DNA concentrations on day 6 or 14. 
However, because the electrical conductivity peak was observed on the same days regardless 
of the incubation environment, it is unlikely that the peaks are a product of biodegradation.  
Comparison of Fluid Types 
 The return drilling fluids in each of the incubations have higher DNA concentrations 
than their new fluid counterparts through day four of the biodegradation experiment. The 
microbes in the return fluids utilized significantly less carbon substrates (less richness) than 
those in the new fluids (Table 6). Also, the microbes in the return fluids exhibited 
significantly less entropy (diversity) and species evenness than the microbes in the new fluids 
(Table 9). This was the reverse of what was expected, that the microbes in the return fluids 
would have a higher diversity in the metabolic function than the new and would utilize a 
greater number of the carbon substrates due to the mixture of surface, ocean, and subsurface 
microbial populations. Nonetheless, these results do support the hypothesis that the microbial 





Comparing the DNA concentrations over time, within each temperature environment, 
the main differences within the 4°C and 50°C incubations is observed in the fluid type; the 
new aerobic is similar to the new anaerobic; the return aerobic is similar to the return 
anaerobic. Within the 20°C incubation the DNA concentrations do not seem to be attributed 
to oxygen level or fluid type through day six (6), however similarity between fluid type is 
observed for the reminder of time, similar to the 4° and 50°C incubations. The difference 
between fluid type is supported statistically by the community structure data (RAPD-PCR) 
(Table 9). 
The average pH of the return fluids is slightly higher than the new fluids, while the 
DO is slightly lower. The ion results further support the hypothesis indicating large chemical 
differences between the new and return fluids specifically comparing the Barium, Thallium, 
Lead, Manganese, Iron, and Boron ions (Figures 18-29).  
Comparison of Incubation Environments 
 The increase in concentrations of all ions in the Aerobic 50°C samples is a result of 
sample evaporation. Evaporation of these samples was noted on day 25 of the experiment and 
was not observed in any other incubation environment. 
Within the 4°C incubation the anaerobic samples reach their peak DNA concentrations 
latter than the aerobic samples, suggesting that at lower temperatures, oxygen limiting 
environments will result in slower microbial growth and metabolism. The average DNA 





indicating that while the growth occurred slower, the amount of total growth was similar to 
the 20°C incubation. This has implications for the migration of drilling fluid into the 
surrounding formation in situ. In anaerobic conditions at 4°C the slower microbial growth 
indicates slower metabolism of the biodegradable drilling fluid components which then have 
the opportunity to penetrate further into the surrounding formation through conduits (i.e. 
interconnected pores, fractures).  
The return aerobic and anaerobic samples behaved as expected at 20°C, they exhibited 
large growth early in the incubation period. This was likely due to the in situ temperature of a 
majority of the return fluid samples ranged from 15-18°C, thus the bacterial populations 
present in the return fluids, which likely included populations from the borehole, found the 
20°C incubation temperature favorable. The new aerobic 20°C samples reached their peak 
DNA concentrations at the same time as the return fluids while the anaerobic new 20°C 
samples peaked much later, again this could be due to the slower metabolism expected in 
oxygen limiting environments. 
Within the 50°C incubation it was expected that the microbial growth would be slower 
and DNA concentrations would be much less for all samples incubated at this temperature. 
However, the return fluids, both aerobic and anaerobic, reach their peak concentration on day 
two of the experiment, the same day as some of the 20°C incubations. The incubation 
temperature of 50°C is not the optimal growth temperature for the microbial populations 
expected to exist in these drilling fluid samples.  One possible explanation is, the drilling fluid 
was mixed and heated to a temperature of approximately 40°C before being used in the 
drilling process. This heating process provides favorable conditions for Thermophilic 





unclear why this affect would not be present in the other incubations or in the new 50°C 
samples. The new 50°C fluids behaved as expected and reached their peak later in time. Both 
the new and return fluids in the 50°C incubation did contain smaller average DNA 
concentrations than the 4° and 20°C incubations probably due to the less than optimal 
temperatures that are preferred by Psychrophilic and Mesophilic populations. 
The dissolved oxygen (DO) for all incubations showed an overall decreasing trend 
with the exception of both the new and return aerobic samples that were incubated at 50°C 
which show an increasing trend. This result is unexpected. The solubility of a gas in solution 
is temperature dependent (Eby, 2004); the higher the temperature of the solution the lower the 
amount of gas. The DO probe used had automatic temperature compensation up to 35°C. 
While the temperature was not measured when DO measurements were taken, it was recorded 
from the pH meter immediately after DO measurements. All 50°C incubations were above the 
auto compensation temperature when pH was measured and therefore above when the DO 
was measured. However, the anaerobic 50°C samples had temperatures that exceeded the auto 
compensation as well, but had decreasing trends similar to the other incubations. The DO 
results from all 50°C incubations were affected by the temperatures which exceeded the auto 
compensation of the equipment, but it is unclear to what extent. Knowing that the temperature 
compensation on the probe may lead to inaccurate measurements; it is not possible to 
conclude that the DO results for the 50°C incubations are the product of biodegradation.  
The shifts in microbial community function do not correspond with the shifts in 
community structure. The use of Biolog Ecoplates™ is a culture based technique. Because 
many microorganisms are not culturable (Keer and Birch 2003) and the carbon substrates in 





complete representation of the entire microbial population present in the drilling fluid. The 
microbial methods completed in this study are not specific enough to draw conclusions on the 
microbes responsible for the changes in population seen during biodegradation. However, the 
Biolog™ plates do represent shifts in the community function over time, and the RAPD-PCR 
results represent shifts in the community structure, as biodegradation occurs. The days these 
shifts occur vary between the different incubation environments. 
Future Studies 
 While results were obtained from the initial trial for total carbon and nitrogen in this 
study, no data was obtained during the biodegradation experiment from this method due to 
equipment issues. It is possible to obtain total organic carbon from other methods such as 
oxidation with potassium dichromate and titration with ammonium ferrous sulfate using the 
Walkley-Black (1943) method as used in Ros et al. (2008). The carbon from microbial 
biomass can also be determined using methods described by Pedler et al. (2014). Both the 
total organic carbon and the total biomass carbon would support the occurrence of 
biodegradation in this study. 
 The guar gum drilling fluid additive is an easily metabolized carbon source. Methods 
attempted to measure the concentrations of gaur gum in the drilling fluid included the 
derivatization of the sugars in the drilling fluid to make quantification with GC/MS possible 
(Medeiros and Simonei,t 2007). Trials were run using this method that showed promise. Also, 





during microbial metabolism studies. However, large equipment issues before the onset of the 
biodegradation experiment made the use of the GC/MS impossible and guar gum and CO2 
results were not obtained. Methane measurements require a GC/FID (flame ionization 
detector) which was also down during the experiment run time.  
 Future studies focusing on the rate of microbial metabolism, ideally by measuring the 
utilization of the carbon sources and/or the production of metabolic wastes, could be made to 
determine the rate of biodegradation. Both the concentrations of the carbon (food source) and 
the production of gasses (waste) would confirm the occurrence of biodegradation as well as 
give a clear time interval over which the drilling fluid would be degraded.  
Another consideration when studying microbial populations from the subsurface is the 
effects of depressurization on the bacterial cells. Depressurization may cause the cells adapted 
to metabolism at the higher pressures found with depth to function slower at surface pressure, 
leading to the underestimation of cell metabolism in experiments preformed under standard 
surface pressure (Tamburini, 2006). Future studies could be done under pressure conditions 
mimicking in situ pressures. 
Also, there are interactions between microorganisms and minerals (Edwards, Bach and 
McCollom 2005) that could be studied to provide important insight on the in situ 
biodegradation of the drilling fluid. These interactions that natural occur between microbes 
and minerals may be greatly affected with the introduction of the drilling fluid.   
 Additionally, determination of distinct terminal electron acceptors could provide 
evidence of use by microbial populations. The major ion concentration data does not 
distinguish between oxidized and reduced species. As a result, the use of some of the ions that 





 Finally, DNA sequencing would allow the identification of the specific 
microorganisms present within the communities. It would also provide detailed information 
on what species are involved in the community shifts during biodegradation. 
Conclusion 
Scientific research of the deep subsurface requires the use of drilling fluids to obtain 
cores. Some of the drilling fluids used are commercially marketed as biodegradable. While 
studies have been completed to test individual components of the drilling fluids, few studies 
have looked at the biodegradation of the actual fluids that were used for these core retrievals 
with the in situ microbial populations. The introduction of drilling fluid whether that fluid is 
marketed as biodegradable or not, can be viewed as a contaminant to that environment; 
changing the subsurface microbial ecology. The return drilling fluids, which bring up the drill 
cuttings, also provides a rare opportunity to indirectly study these subsurface microbial 
populations.  
The results from this study provide evidence that the drilling fluids used to obtain this 
core are biodegradable at the in situ temperatures (~4° to ~50°C) in aerobic and anaerobic 
conditions. At 4°C, located within the beginning depths of this borehole, and under anaerobic 
conditions, slower microbial metabolism may lead to longer residence times of the 
biodegradable components in the surrounding formation. At ~50°C, near the bottom portion 
of this borehole, lower microbial numbers are available to biodegrade this fluid also leading to 





provide an opportunity for the biodegradable fluid components to penetrate further into the 
surrounding formation. The shortest residence time of the drilling fluid components may 
occur at depths between 360-384 mbsf at an in situ temperature of ~20°C. 
Determining the microbial changes induced by drilling practices, including the 
biodegradation of the drilling fluid, is important, particularly for future studies in pristine 
environments. Overall, this study has shown that during biodegradation, changes in the 
microbial communities take place as the biodegradation occurs. While there is sufficient 
evidence to support the occurrence of biodegradation in this study, future studies need to be 
completed to determine the actual rate of the biodegradation. Additionally, the microbial 
populations contained in the return drilling fluids can provide important information about the 
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Table A1. Incubation temperatures for duration 
of biodegradation experiment. 
Incubation Temps for Biodegradation 
10/26/12-01/04/13 




50°C      
10/26/12 3.6 20.0 50.3 
10/27/12 4.0 15.5 50.1 
10/28/12 3.9 16.0 48.9 
10/29/12 3.9 18.0 50.4 
10/30/12 3.5 18.5 49.7 
10/31/12 4.4 18.0 50.2 
11/01/12 3.9 17.5 49.8 
11/02/12 4.3 18.0 50.0 
11/04/12 3.8 17.0 49.8 
11/05/12 4.2 17.0 51.2 
11/06/12 4.0 17.0 49.7 
11/07/12 4.4 18.0 49.6 
11/08/12 4.2 18.0 49.8 
11/09/12 3.9 22.0 50.0 
11/12/12 4.0 22.0 50.2 
11/13/12 3.8 22.0 49.7 
11/14/12 3.9 22.0 49.2 
11/15/12 4.0 23.0 50.0 
11/16/12 3.8 23.0 49.8 
11/19/12 4.1 23.0 49.6 
11/20/12 4.2 23.5 50.2 




50°C      
11/21/12 3.8 23.0 49.7 
11/26/12 4.0 23.0 50.0 
11/27/12 3.8 23.0 49.6 
12/03/12 3.9 23.0 49.2 
12/05/12 4.1 22.0 50.0 
12/10/12 3.5 23.0 50.0 
12/11/12 4.2 18.0 50.0 
12/12/12 4.6 18.0 49.8 
12/13/12 4.2 18.0 50.0 
12/14/12 4.0 19.0 49.6 
12/17/12 4.6 20.0 50.0 
12/19/12 4.2 19.5 50.0 
12/20/12 3.8 17.0 50.0 
12/24/12 4.0 18.0 50.0 
12/26/12 3.8 17.5 50.0 
12/27/12 3.7 18.0 50.0 
12/28/12 4.0 18.0 50.0 
12/29/12 4.6 17.5 49.9 
12/31/12 4.0 18.5 50.0 
01/01/13 4.0 17.0 49.9 
01/02/13 4.0 18.5 50.0 
01/04/13 4.2 18.5 49.9 
Average 4.0 19.5 49.9 

















1 New 68.51 6.9 4 
2 New 92.89 8.2 4 
3 New 108.66 8.9 4 
4 New 122.00 9.5 4 
5 Return 148.00 10.8 4 
6 New 161.06 11.3 4 
7 New 172.00 11.9 4 
8 New 196.00 13.0 20 
9 New 199.56 13.2 20 
10 New 232.00 14.4 20 
11 New 233.00 14.5 20 
12 Return 254.00 15.3 20 
13 Return 270.71 16.1 20 





















Figure B1. PCA Plot of first three principal components for all new and return fluids for the six different incubation environments. The Biolog Ecoplates™ 






Figure B2. PCA Plot of first three principal components for all new and return fluids for the six different incubation environments. The Biolog Ecoplates™ 






Figure B3. PCA Plot of first three principal components for all new fluids for the six different incubation environments. The Biolog Ecoplates™ were 






Figure B4. PCA Plot of first three principal components for all new fluids for the six different incubation environments. The Biolog Ecoplates™ were incubated for ten days. 






Figure B5. PCA Plot of first three principal components for all return fluids for the six different incubation environments. The Biolog Ecoplates™ were incubated for five  






Figure B6. PCA Plot of first three principal components for all return fluids for the six different incubation environments. The Biolog Ecoplates™ were incubated for ten days. 






Figure B7. PCA Plot of first three principal components for all new and return fluids that were incubated in an aerobic environment. The Biolog Ecoplates™ were incubated 






Figure B8. PCA Plot of first three principal components for all new and return fluids that were incubated in an aerobic environment. The Biolog Ecoplates™ were incubated 







Figure B9. PCA Plot of first three principal components for all new and return fluids that were incubated in an anaerobic environment. The Biolog Ecoplates™ were incubated 






Figure B10. PCA Plot of first three principal components for all new and return fluids that were incubated in an anaerobic environment. The Biolog Ecoplates™ were 






Figure B11. PCA Plot of first three principal components for new aerobic 4°C samples after the Biolog Ecoplates™ were 
incubated for five days. The percent variation explained by each axis is in parenthesis. 
 
 
Figure B12. PCA Plot of first three principal components for new aerobic 4°C samples after the Biolog Ecoplates™ were 






Figure B13. PCA Plot of first three principal components for new aerobic 20°C samples after the Biolog Ecoplates™ were 
incubated for five days. The percent variation explained by each axis is in parenthesis. 
  
 
Figure B14. PCA Plot of first three principal components for new aerobic 20°C samples after the Biolog Ecoplates™ were 






Figure B15. PCA Plot of first three principal components for new aerobic 50°C samples after the Biolog Ecoplates™ were 
incubated for five days. The percent variation explained by each axis is in parenthesis. 
 
 
Figure B16. PCA Plot of first three principal components for new aerobic 50°C samples after the Biolog Ecoplates™ were 






Figure B17. PCA Plot of first three principal components for new anaerobic 4°C samples after the Biolog Ecoplates™ were 
incubated for five days. The percent variation explained by each axis is in parenthesis. 
 
 
Figure B18. PCA Plot of first three principal components for new anaerobic 4°C samples after the Biolog Ecoplates™ were 






Figure B19. PCA Plot of first three principal components for new anaerobic 20°C samples after the Biolog Ecoplates™ were 
incubated for five days. The percent variation explained by each axis is in parenthesis. 
 
 
Figure B20. PCA Plot of first three principal components for new anaerobic 20°C samples after the Biolog Ecoplates™ were 






Figure B21. PCA Plot of first three principal components for new anaerobic 50°C samples after the Biolog Ecoplates™ were 
incubated for five days. The percent variation explained by each axis is in parenthesis. 
 
 
Figure B22. PCA Plot of first three principal components for new anaerobic 50°C samples after the Biolog Ecoplates™ were 






Figure B23. PCA Plot of first three principal components for return aerobic 4°C samples after the Biolog Ecoplates™ were 
incubated for five days. The percent variation explained by each axis is in parenthesis 
 
 
Figure B24. PCA Plot of first three principal components for return aerobic 4°C samples after the Biolog Ecoplates™ were 






Figure B25. PCA Plot of first three principal components for return aerobic 20°C samples after the Biolog Ecoplates™ were 
incubated for five days. The percent variation explained by each axis is in parenthesis.  
 
 
Figure B26. PCA Plot of first three principal components for return aerobic 20°C samples after the Biolog Ecoplates™ were 






Figure B27. PCA Plot of first three principal components for return aerobic 50°C samples after the Biolog Ecoplates™ were 
incubated for five days. The percent variation explained by each axis is in parenthesis. 
 
 
Figure B28. PCA Plot of first three principal components for return aerobic 50°C samples after the Biolog Ecoplates™ were 






Figure B29. PCA Plot of first three principal components for return anaerobic 4°C samples after the Biolog Ecoplates™ 
were incubated for five days. The percent variation explained by each axis is in parenthesis. 
 
  
Figure B30. PCA Plot of first three principal components for return anaerobic 4°C samples after the Biolog Ecoplates™ 






Figure B31. PCA Plot of first three principal components for return anaerobic 20°C samples after the Biolog Ecoplates™ 
were incubated for five days. The percent variation explained by each axis is in parenthesis. 
 
 
Figure B32. PCA Plot of first three principal components for return anaerobic 20°C samples after the Biolog Ecoplates™ 






Figure B33. PCA Plot of first three principal components for return anaerobic 50°C samples after the Biolog Ecoplates™ 
were incubated for five days. The percent variation explained by each axis is in parenthesis. 
 
 
Figure B34. PCA Plot of first three principal components for return anaerobic 50°C samples after the Biolog Ecoplates™ 




















Figure C1. Bar graph representing the Shannon-Weaver indices for entropy (H) after Biolog plates were incubated for five days. The graph is organized by 
incubation environment. Entropy was calculated using the formula: 𝑯 = − ∑ 𝒑i(ln pi) where pi is the ratio of the amount of carbon utilization of each 
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Figure C2. Bar graph representing Pielou’s evenness index (J) after Biolog plates were incubated for five days. The graph is organized by incubation 




Where H is the Shannon-Weaver indices for entropy and Hmax is the maximum value of entropy calculated by: ln S. The quotient will give a value between 
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Figure C3. Bar graph representing Species richness (S) after Biolog plates were incubated for five days. The graph is organized by incubation environment. 
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Figure C4. Bar graph representing the Shannon-Weaver indices for entropy (H) after Biolog plates were incubated for ten days. The graph is organized by 
incubation environment. Entropy was calculated using the formula: 𝑯 = − ∑ 𝒑i(ln pi) where pi is the ratio of the amount of carbon utilization of each 
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Figure C5. Bar graph representing Pielou’s evenness index (J) after Biolog plates were incubated for ten days. The graph is organized by incubation 




Where H is the Shannon-Weaver indices for entropy and Hmax is the maximum value of entropy calculated by: ln S. The quotient will give a value between 
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Figure C6. Bar graph representing Species richness (S) after Biolog plates were incubated for ten days. The graph is organized by incubation environment. 
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Table C1 . Mean H, J and S comparisons for Biolog™ plates read at day five. The p-values in bold indicate results that are statistically significant found 
using a two tailed t-test assuming unequal variance (α =0.05). 
Aerobic and Anaerobic Biolog™ Day 5  
 
Mean Shannon Entropy (H), Evenness (J), and Richness (S) 




H J S H J S ΔH p-value ΔJ p-value ΔS p-value 
All 2.827 0.875 26.1 2.406 0.762 24.6 -0.421 6.74E-06 -0.113 1.90E-06 -1.5 0.177 
New 4° 2.729 0.818 28.1 2.420 0.748 25.5 -0.309 0.084 -0.070 0.093 -2.6 0.168 
New 20° 2.836 0.843 29.0 2.870 0.872 26.9 0.034 0.710 0.029 0.253 -2.1 0.009 
New 50° 2.814 0.869 25.9 1.930 0.572 29.1 -0.884 5.10E-04 -0.297 4.02E-06 3.3 0.186 
Return 4° 2.354 0.874 15.6 2.430 0.868 17.3 0.076 0.785 -0.007 0.901 1.6 0.638 
Return 20° 2.812 0.851 27.3 2.175 0.776 17.0 -0.637 0.013 -0.075 0.103 -10.3 0.002 
Return 50° 3.244 0.951 30.3 2.328 0.704 27.1 -0.915 0.006 -0.247 0.005 -3.1 0.102 
Killed All 2.943 0.903 26.3 2.596 0.783 27.5 -0.347 0.132 -0.121 0.054 1.3 0.494 
 
New and Return Biolog™ Day 5 
 
Mean Shannon Entropy (H), Evenness (J), and Richness (S) 




H J S H J S ΔH p-value ΔJ p-value ΔS p-value 
All 2.624 0.793 27.6 2.609 0.844 23.1 -0.015 0.876 0.051 0.035 -4.5 5.00E-05 
Aerobic 4° 2.729 0.818 28.1 2.354 0.874 15.6 -0.375 0.033 0.056 0.082 -12.5 1.19E-04 
Aerobic 20° 2.836 0.843 29.0 2.812 0.851 27.3 -0.024 0.806 0.009 0.750 -1.8 0.098 
Aerobic 50° 2.814 0.869 25.9 3.244 0.951 30.3 0.430 0.028 0.083 0.018 4.4 0.077 
Anaerobic 4° 2.420 0.748 25.5 2.430 0.868 17.3 0.010 0.971 0.120 0.058 -8.3 0.026 
Anaerobic 20° 2.870 0.872 26.9 2.175 0.776 17.0 -0.695 0.008 -0.096 0.043 -9.9 0.003 
Anaerobic 50° 1.930 0.572 29.1 2.328 0.704 27.1 0.399 0.151 0.132 0.082 -2.0 0.305 
Killed All 2.722 0.817 28.1 2.817 0.869 25.7 0.095 0.687 0.052 0.413 -2.4 0.183 
             
Killed Controls Biolog™ Day 5 
 
Mean Shannon Entropy (H), Evenness (J), and Richness (S) 
No statistically significant differences 
Incubation 
X0 X2 
H J S H J S ΔH p-value ΔJ p-value ΔS p-value 







Table C2. Mean H, J and S comparisons for Biolog™ plates read at day ten. The p-values in bold indicate results that are statistically significant found using 
a two tailed t-test assuming unequal variance (α =0.05). 
Aerobic and Anaerobic Biolog™ Day 10  
 
Mean Shannon Entropy (H), Evenness (J), and Richness (S) 




H J S H J S ΔH p-value ΔJ p-value ΔS p-value 
All 2.749 0.832 27.2 2.368 0.740 25.1 -0.381 1.43E-04 -0.092 5.04E-04 -2.1 0.023 
New 4° 2.320 0.697 28.0 2.325 0.742 23.3 0.006 0.959 0.045 0.212 -4.8 0.008 
New 20° 2.955 0.875 29.3 2.793 0.837 28.1 -0.162 0.188 -0.038 0.289 -1.1 0.016 
New 50° 2.897 0.887 26.9 1.943 1.623 29.4 -0.954 2.53E-04 0.736 3.10E-03 2.5 0.227 
Return 4° 1.722 0.586 18.8 2.237 0.739 20.9 0.515 0.098 0.153 0.062 2.1 0.477 
Return 20° 3.007 0.890 29.5 2.593 0.852 21.3 -0.413 0.020 -0.037 0.219 -8.3 0.002 
Return 50° 3.295 0.964 30.5 2.059 0.643 25.1 -1.236 9.310E-05 -0.322 1.999E-04 -5.4 0.030 
Killed All 2.926 0.877 28.2 2.538 0.772 26.8 -0.387 0.058 -0.105 0.058 -1.3 0.366 
                          
New and Return Biolog™ Day 10 
 
Mean Shannon Entropy (H), Evenness (J), and Richness (S) 




H J S H J S ΔH p-value ΔJ p-value ΔS p-value 
All 2.528 0.768 27.2 2.588 0.803 25.1 0.060 0.561 0.035 0.191 -2.1 2.130E-02 
Aerobic 4° 2.320 0.697 28.0 1.722 0.586 18.8 -0.598 0.030 -0.111 0.058 -9.3 3.66E-01 
Aerobic 20° 2.955 0.875 29.3 3.007 0.890 29.5 0.052 0.303 0.014 0.348 0.3 0.779 
Aerobic 50° 2.929 0.912 25.4 3.295 0.964 30.5 0.367 0.020 0.053 0.016 5.1 0.043 
Anaerobic 4° 2.325 0.742 23.3 2.237 0.739 20.9 -0.088 0.688 -0.003 0.956 -2.4 0.336 
Anaerobic 20° 2.793 0.837 28.1 2.593 0.852 21.3 -0.200 0.275 0.015 0.722 -6.9 5.636E-03 
Anaerobic 50° 1.943 0.577 29.1 2.059 0.643 25.1 0.117 0.523 0.066 0.197 -4.0 0.197 
Killed All 2.465 0.747 27.1 2.999 0.901 27.9 0.533 0.007 0.154 3.626E-03 0.8 0.573 
                          
Killed Controls Biolog™ Day 10 
 
Mean Shannon Entropy (H), Evenness (J), and Richness (S) 
No statistically significant differences 
Incubation 
X0 X2 
H J S H J S ΔH p-value ΔJ p-value ΔS p-value 






Table C3. Entropy (H), Evenness (J), and Richness (S) calculated from the Biolog Ecoplate™ data for each 
incubation day for the duration of the biodegradation experiment. The data was collected after the plates were 
incubated for five and ten days. The values are grouped by incubation environment. 
   
Biolog™ Day 5 
 



























0   2.47 0.76 26   2.06 0.61 30 
1   3.03 0.88 31   2.46 0.74 28 
2   2.65 0.80 27   2.31 0.72 25 
4   2.95 0.87 30   2.44 0.73 28 
6   2.53 0.80 24   2.29 0.71 25 
14   2.88 0.86 29   2.23 0.65 31 
21   3.01 0.89 30   2.22 0.67 27 
40   2.30 0.69 28   2.56 0.75 30 
Avg   2.73 0.82 28.13   2.32 0.70 28.00 
Std Dev   0.28 0.07 2.36   0.16 0.05 2.27 
 
  











0   2.52 0.76 28   2.17 0.73 20 
1   2.52 0.77 26   2.69 0.87 22 
2   2.30 0.68 29   2.13 0.72 19 
4   1.80 0.64 17   2.28 0.75 21 
6   3.10 0.90 31   2.61 0.77 30 
14   2.15 0.70 22   2.52 0.79 24 
21   2.60 0.82 24   2.32 0.73 24 
40   2.36 0.72 27   1.88 0.58 26 
Avg   2.42 0.75 25.50   2.33 0.74 23.25 
Std dev   0.38 0.08 4.44   0.27 0.08 3.58 
 
  











0   2.64 0.78 30   2.85 0.85 29 
1   2.72 0.82 28   2.95 0.88 29 
2   2.66 0.78 31   2.92 0.86 30 
4   2.99 0.88 30   3.03 0.90 29 
6   2.87 0.86 28   2.93 0.87 29 
14   2.91 0.87 28   2.97 0.88 29 
21   3.02 0.90 29   3.08 0.91 30 
40   2.86 0.86 28   2.91 0.86 29 
Avg   2.84 0.84 29.00   2.95 0.88 29.25 
Std dev   0.15 0.05 1.20   0.07 0.02 0.46 





(Table C3 continued) 
 
  
H J S 
 












0   2.52 0.78 25   2.59 0.79 27 
1   3.00 0.90 28   3.05 0.91 29 
2   3.12 0.94 28   2.93 0.87 29 
4   2.80 0.87 25   2.28 0.68 29 
6   2.89 0.89 26   2.88 0.87 27 
14   3.01 0.90 28   3.11 0.92 29 
21   2.98 0.88 29   3.05 0.92 27 
40   2.64 0.81 26   2.46 0.74 28 
Avg   2.87 0.87 26.88   2.79 0.84 28.13 
Std dev   0.20 0.05 1.55   0.31 0.09 0.99 
 
  











0   2.80 0.83 29   2.31 0.80 18 
1   1.85 0.72 13   3.20 0.94 30 
2   2.62 0.82 25   3.06 0.91 29 
4   3.23 0.94 31   3.16 0.94 29 
6   3.24 0.94 31   3.22 0.95 30 
14   2.90 0.93 23   2.93 0.92 24 
21   2.89 0.89 26   2.49 0.92 15 
40   2.97 0.88 29   3.05 0.92 28 
Avg   2.81 0.87 25.88   2.93 0.91 25.38 
Std dev   0.44 0.08 5.94   0.34 0.05 5.85 
 
  












0   1.49 0.47 24   2.05 0.62 28 
1   1.80 0.53 30   1.88 0.55 30 
2   1.65 0.48 31   1.78 0.52 30 
4   1.78 0.54 27   1.81 0.55 27 
6   1.94 0.56 31   1.81 0.53 31 
14   2.35 0.68 31   2.02 0.59 30 
21   2.04 0.61 28   2.12 0.62 30 
40   2.39 0.70 31   2.07 0.63 27 
Avg   1.93 0.57 29.13   1.94 0.58 29.13 
Std dev   0.32 0.09 2.59   0.13 0.04 1.55 
 






(Table C3 continued) 
 
  
H J S 
 












0   2.31 0.93 12   0.73 0.33 9 
1   2.10 0.84 12   1.11 0.38 19 
2   2.83 0.90 23   1.79 0.63 17 
4   2.66 0.91 19   2.10 0.64 27 
6   2.72 0.89 21   2.19 0.72 21 
14   2.15 0.87 12   1.78 0.59 21 
21   1.85 0.89 8   1.42 0.57 12 
40   2.22 0.77 18   2.65 0.84 24 
Avg   2.35 0.87 15.63   1.72 0.59 18.75 
Std dev   0.35 0.05 5.32   0.62 0.17 5.97 
 
  













0   3.04 0.94 25   2.48 0.77 25 
1   2.21 0.92 11   1.97 0.77 13 
2   3.38 0.98 31   3.21 0.93 31 
4   2.27 0.89 13   1.52 0.52 19 
6   2.65 0.87 21   2.27 0.76 20 
14   1.07 0.55 7   2.59 0.85 21 
21   2.29 0.83 16   2.20 0.70 23 
40   2.53 0.96 14   1.65 0.61 15 
Avg   2.43 0.87 17.25   2.24 0.74 20.88 
Std dev   0.68 0.14 7.91   0.54 0.13 5.67 
 
  













0   2.32 0.72 25   2.79 0.81 31 
1   2.64 0.83 24   2.95 0.93 24 
2   2.95 0.87 30   3.09 0.90 31 
4   2.96 0.91 26   3.15 0.92 31 
6   2.93 0.88 28   2.94 0.87 29 
14   2.83 0.87 26   3.04 0.90 29 
21   2.96 0.86 31   3.11 0.91 31 
40   2.91 0.87 28   2.98 0.88 30 
Avg   2.81 0.85 27.25   3.01 0.89 29.50 
Std dev   0.23 0.06 2.43   0.12 0.04 2.39 
          





(Table C3 continued) 
 
  
H J S 
 














0   2.36 0.79 20   2.43 0.81 20 
1   1.67 0.65 13   2.03 0.75 15 
2   1.75 0.73 11   2.13 0.79 15 
4   1.54 0.70 9   2.59 0.90 18 
6   1.95 0.67 18   2.92 0.91 25 
14   3.03 0.90 29   3.11 0.92 29 
21   2.76 0.94 19   2.94 0.94 23 
40   2.33 0.82 17   2.59 0.80 25 
Avg   2.17 0.78 17.00   2.59 0.85 21.25 
Std dev   0.54 0.11 6.26   0.39 0.07 5.09 
 
  













0   3.13 0.94 28   3.40 0.99 31 
1   3.31 0.96 31   3.41 0.99 31 
2   3.28 0.96 31   3.24 0.94 31 
4   3.34 0.97 31   3.35 0.98 31 
6   3.02 0.91 28   3.12 0.95 27 
14   3.30 0.96 31   3.21 0.94 31 
21   3.24 0.94 31   3.30 0.96 31 
40   3.33 0.97 31   3.34 0.97 31 
Avg   3.24 0.95 30.25   3.30 0.96 30.50 
Std dev   0.11 0.02 1.39   0.10 0.02 1.41 
 
  














0   1.77 0.60 19   1.89 0.60 23 
1   2.58 0.77 28   2.71 0.80 30 
2   1.72 0.56 21   2.03 0.64 24 
4   2.40 0.72 28   1.60 0.53 20 
6   3.21 0.93 31   1.84 0.68 15 
14   1.36 0.40 29   1.46 0.43 30 
21   2.63 0.76 31   2.20 0.65 29 
40   2.96 0.87 30   2.76 0.81 30 
Avg   2.33 0.70 27.13   2.06 0.64 25.13 
Std dev   0.65 0.17 4.58   0.48 0.13 5.62 
          





(Table C3 continued) 
 
  
H J S 
 














X0 NA4      3.01 0.92 26   1.80 0.54 28 
X0 NAN4    3.07 0.91 29   2.43 0.74 27 
X0 NA20     2.96 0.95 23   2.51 0.78 25 
X0 
NAN20  
  2.84 0.85 28   2.34 0.70 28 
X0 NA50    2.94 0.86 31   2.88 0.87 27 
X0 
NAN50  
  1.23 0.37 27   1.70 0.53 24 
X2 NA4    3.10 0.91 30   3.08 0.90 31 
X2 NAN4    2.49 0.76 27   1.72 0.61 17 
X2 NA20    3.06 0.94 26   2.90 0.87 28 
X2 
NAN20  
  3.04 0.88 31   2.39 0.70 31 
X2 NA50    3.15 0.92 31   3.06 0.92 28 
X2 
NAN50  
  1.77 0.53 28   2.79 0.81 31 
 
         
 
  
H J S 
 
















X0 RA4    1.68 0.65 13   2.79 0.90 22 
X0 RAN4    3.17 0.93 30   3.23 0.95 30 
X0 RA20    3.35 0.98 31   3.33 0.97 31 
X0 
RAN20  
  2.74 0.86 24   3.08 0.91 30 
X0 RA50    2.98 0.94 24   3.23 0.94 31 
X0 
RAN50  
  1.93 0.62 23   2.10 0.65 26 
X2 RA4    2.68 0.90 20   3.15 0.95 28 
X2 RAN4    2.66 0.84 24   2.65 0.86 22 
X2 RA20    3.14 0.93 29   3.17 0.94 29 
X2 
RAN20  
  3.13 0.94 28   3.07 0.94 26 
X2 RA50    3.25 0.95 31   3.21 0.94 30 
X2 
RAN50  





















Table D1. Relative percent carbon utilized by the carbon type for Biolog™ plates incubated for five days. The 
incubation days with the maximum utilization (within one standard deviation of the max) of each substrate is 
shaded in dark blue. The incubation days with the minumium utilization (within one standard deviation of the 















































































































0NA4 28.1 6.7 26.4 7.3 24.7 6.7 
1NA4 15.3 6.0 29.1 9.2 30.9 9.4 
2NA4 7.4 3.1 35.5 10.5 34.6 8.9 
4NA4 8.3 14.7 30.8 10.9 25.7 9.5 
6NA4 11.5 0.0 37.2 3.9 39.3 8.1 
14NA4 13.2 6.3 37.8 5.9 25.4 11.3 
25NA4 16.5 4.9 26.9 7.8 29.4 14.6 
40NA4 21.6 0.8 15.3 0.3 39.8 22.2 
mean (%) 15.3 5.3 29.9 7.0 31.2 11.3 
standard dev. (%) 6.9 4.6 7.4 3.6 6.1 5.0 
range (%) 20.7 14.7 22.5 10.7 15.1 15.5 
max % 28.1 14.7 37.8 10.9 39.8 22.2 
min % 7.4 0.0 15.3 0.3 24.7 6.7 
incubation day(s) with max.% (within 1σ 
of the max. %) 
0, 40 4 
2, 4, 6, 
14 
1, 2, 4, 
25,  
2, 6, 40 40 
incubation day(s) with min.% (within 1σ 
of the min. %) 
2, 4, 6, 
14 
2, 6, 40 40 40 
0, 4, 14, 
25 
0, 1, 2, 
4, 6, 14,  
 
(Continued on following page)  




















































































































0NAN4 28.4 4.8 29.8 5.3 23.7 8.0 
1NAN4 8.1 2.1 37.5 4.1 38.3 10.0 
2NAN4 12.3 1.6 31.3 8.6 43.2 3.1 
4NAN4 10.5 1.0 45.5 1.0 38.1 4.0 
6NAN4 25.9 7.4 26.1 5.7 22.1 12.8 
14NAN4 22.5 0.2 6.6 0.0 65.0 5.8 
25NAN4 18.2 0.0 13.0 0.0 54.1 14.7 
40NAN4 9.2 9.9 35.2 0.0 38.4 7.2 
mean (%) 16.9 3.4 28.1 3.1 40.3 8.2 
standard dev. (%) 8.0 3.7 12.8 3.3 14.3 4.1 
range (%) 20.4 9.9 38.9 8.6 42.9 11.6 
max % 28.4 9.9 45.5 8.6 65.0 14.7 
min % 8.1 0.0 6.6 0.0 22.1 3.1 
incubation day(s) with max.% (within 1σ 
of the max. %) 
0, 6, 14 6, 40 1, 4, 40 0, 2, 6 14, 25 6, 25 
incubation day(s) with min.% (within 1σ 
of the min. %) 
1, 2, 4, 
40 




25, 40  
0, 6 2, 4, 14 
NA20 
0NA20 27.6 11.5 8.0 0.2 22.2 30.5 
1NA20 16.9 12.7 15.1 0.0 40.9 14.4 
2NA20 17.3 7.7 27.2 0.3 31.3 16.0 
4NA20 20.1 5.2 16.6 0.0 28.3 29.8 
6NA20 22.3 9.3 16.1 0.0 32.8 19.5 
14NA20 21.1 8.8 12.4 0.1 34.5 23.1 
25NA20 20.3 8.2 13.3 0.0 32.9 25.3 
40NA20 27.6 7.5 20.4 0.0 21.4 23.1 
mean (%) 21.7 8.9 16.1 0.1 30.5 22.7 
standard dev. (%) 4.1 2.4 5.7 0.1 6.5 5.9 
range (%) 10.7 7.5 19.2 0.3 19.5 16.1 
max % 27.6 12.7 27.2 0.3 40.9 30.5 
min % 16.9 5.2 8.0 0.0 21.4 14.4 
incubation day(s) with max.% (within 1σ 
of the max. %) 
0, 40 0, 1 2 2 1, 14,  0, 4, 25 
incubation day(s) with min.% (within 1σ 
of the min. %) 





1, 4, 6, 
14, 25, 
40 
0, 40 1, 2, 6  
 




















































































































0NAN20 24.3 0.0 26.1 10.5 34.9 4.2 
1NAN20 28.3 5.0 21.9 0.0 37.8 6.9 
2NAN20 16.9 14.7 23.6 0.0 30.9 13.9 
4NAN20 23.7 0.6 26.3 0.0 43.5 5.9 
6NAN20 26.5 2.2 22.4 0.0 40.2 8.7 
14NAN20 24.9 11.5 17.2 0.0 22.2 24.2 
25NAN20 26.3 12.8 12.7 0.0 25.8 22.4 
40NAN20 35.4 0.0 11.4 0.0 49.5 3.7 
mean (%) 25.8 5.9 20.2 1.3 35.6 11.2 
standard dev. (%) 5.2 6.2 5.8 3.7 9.1 8.1 
range (%) 18.5 14.7 14.9 10.5 27.3 20.6 
max % 35.4 14.7 26.3 10.5 49.5 24.2 
min % 16.9 0.0 11.4 0.0 22.2 3.7 
incubation day(s) with max.% (within 1σ 




0, 1, 2, 
4, 6 
0 4, 40 14, 25 
incubation day(s) with min.% (within 1σ 
of the min. %) 
2 









0, 1, 4, 
6, 40 
              
NA50 
0NA50 37.2 18.6 17.8 2.6 17.3 6.6 
1NA50 18.9 0.0 40.0 3.0 36.0 2.0 
2NA50 20.9 26.4 29.1 3.9 15.5 4.3 
4NA50 14.4 28.8 19.2 10.6 12.1 14.8 
6NA50 19.2 16.4 24.1 13.7 15.5 11.2 
14NA50 25.5 34.6 20.8 2.5 11.4 5.2 
25NA50 20.9 30.7 15.7 14.7 7.4 10.7 
40NA50 16.5 27.2 23.8 10.8 12.2 9.5 
mean (%) 21.7 22.8 23.8 7.7 15.9 8.0 
standard dev. (%) 7.1 11.0 7.8 5.2 8.7 4.2 
range (%) 22.8 34.6 24.4 12.2 28.7 12.8 
max % 37.2 34.6 40.0 14.7 36.0 14.8 
min % 14.4 0.0 15.7 2.5 7.4 2.0 
incubation day(s) with max.% (within 1σ 
of the max. %) 
0 
2, 4, 14, 
25, 40 
1 
4, 6, 25, 
40 
1 
0, 6, 14, 
25, 40 
incubation day(s) with min.% (within 1σ 
of the min. %) 




0, 4, 14, 
25 
0, 1, 2, 
14 
2, 4, 6, 
14, 25, 
40 
1, 2, 14 
 




















































































































0NAN50 61.9 2.1 22.0 0.0 10.7 3.2 
1NAN50 55.6 2.1 23.5 0.5 14.4 3.9 
2NAN50 57.8 2.5 23.2 0.6 12.4 3.6 
4NAN50 61.6 1.6 24.5 0.0 8.9 3.5 
6NAN50 51.9 3.0 26.4 1.0 12.1 5.7 
14NAN50 46.3 5.8 20.7 6.1 14.6 6.4 
25NAN50 42.9 4.9 20.9 4.3 21.9 5.1 
40NAN50 41.7 10.5 24.8 2.7 11.3 8.8 
mean (%) 54.5 40.7 23.3 1.9 13.3 5.0 
standard dev. (%) 8.1 3.0 2.0 2.3 3.9 1.9 
range (%) 20.1 9.0 5.7 6.1 13.0 5.6 
max % 61.9 10.5 26.4 6.1 21.9 8.8 
min % 41.7 1.6 20.7 0.0 8.9 3.2 
incubation day(s) with max.% (within 1σ 
of the max. %) 
0, 1, 2, 
4 
40 4, 6, 40 14, 25 25 40 
incubation day(s) with min.% (within 1σ 
of the min. %) 
14, 25, 
40 
0, 1, 2, 
4, 6  
0, 14, 
25 
0, 1, 2, 
4, 6 
0, 1, 2, 
4, 6, 40 
0, 1, 2, 
4, 25 
              
RA4 
0RA4 24.3 50.0 7.8 0.0 8.3 9.6 
1RA4 12.8 8.8 30.8 0.0 39.6 8.1 
2RA4 24.7 24.1 17.2 7.8 5.5 20.7 
4RA4 25.6 22.9 14.0 0.0 12.6 25.0 
6RA4 24.7 20.3 15.8 0.0 23.0 16.3 
14RA4 33.9 5.7 14.7 0.0 11.4 34.3 
25RA4 6.8 33.8 10.7 0.0 48.8 0.0 
40RA4 11.9 10.8 14.0 0.0 45.8 17.5 
mean (%) 20.6 22.4 15.6 1.0 24.4 16.4 
standard dev. (%) 9.1 14.6 6.8 2.8 17.7 10.7 
range (%) 27.1 44.3 23.0 7.8 43.2 34.3 
max % 33.9 50.0 30.8 7.8 48.8 34.3 
min % 6.8 5.7 7.8 0.0 5.5 0.0 
incubation day(s) with max.% (within 1σ 
of the max. %) 




incubation day(s) with min.% (within 1σ 





0, 4, 25, 
40 
0, 1, 4, 
6, 14, 
25, 40 
0, 2, 4, 
6, 14 
0, 1, 25 
 




















































































































0RAN4 13.7 31.8 9.5 5.1 27.2 12.7 
1RAN4 23.1 13.3 3.8 0.0 50.1 9.6 
2RAN4 18.5 21.0 16.6 11.5 14.9 17.6 
4RAN4 21.7 39.4 12.5 0.0 14.8 11.7 
6RAN4 21.4 14.5 9.8 0.0 22.5 31.8 
14RAN4 1.9 0.0 0.0 0.0 97.0 1.1 
25RAN4 21.1 2.1 1.7 0.0 65.2 9.9 
40RAN4 19.5 19.5 5.6 0.0 50.3 5.1 
mean (%) 17.6 17.7 7.4 20.7 42.7 12.4 
standard dev. (%) 7.0 13.5 5.6 4.2 28.7 9.3 
range (%) 21.2 39.4 16.6 11.5 82.3 30.8 
max % 23.1 39.4 16.6 11.5 97.0 31.8 
min % 1.9 0.0 0.0 0.0 14.8 1.1 
incubation day(s) with max.% (within 1σ 
of the max. %) 
1, 2, 4, 6, 
25, 40 
0, 4 2, 4 2 14 6 
incubation day(s) with min.% (within 1σ 
of the min. %) 
14 1, 14, 25 
1, 14, 25, 
40 
1, 4, 6, 
14, 25, 
40 
0, 2, 4, 6 
1, 14, 25, 
40 
              
RA20 
0RA20 8.9 54.2 4.6 0.5 21.0 10.8 
1RA20 13.9 16.7 11.9 0.0 41.0 16.6 
2RA20 15.1 3.7 10.1 1.0 49.5 20.7 
4RA20 22.4 2.0 10.8 0.0 44.6 20.3 
6RA20 17.7 2.7 9.1 0.0 50.1 20.3 
14RA20 23.5 3.8 12.7 0.0 45.0 15.1 
25RA20 24.8 5.5 10.4 1.3 43.6 14.5 
40RA20 29.4 4.6 15.7 0.4 33.4 16.5 
mean (%) 19.5 11.6 10.6 0.4 41.0 16.9 
standard dev. (%) 6.7 17.8 3.2 0.5 9.6 3.4 
range (%) 20.5 52.3 11.2 1.3 29.2 9.8 
max % 29.4 54.2 15.7 1.3 50.1 20.7 
min % 8.9 2.0 4.6 0.0 21.0 10.8 
incubation day(s) with max.% (within 1σ 
of the max. %) 
14, 25, 
40 
0 14, 40 2, 25 
1, 2, 4, 6, 
14, 25 
2, 4, 6 
incubation day(s) with min.% (within 1σ 
of the min. %) 
0, 1, 2 




0, 1, 4, 6, 
14, 40 
0 0 




















































































































0RAN20 8.2 20.4 10.8 0.0 55.4 5.3 
1RAN20 10.5 0.6 1.8 0.0 86.2 0.9 
2RAN20 10.3 0.0 0.3 0.0 86.2 3.2 
4RAN20 6.6 1.2 2.1 0.0 85.5 4.6 
6RAN20 7.3 4.0 1.4 0.0 83.1 4.2 
14RAN20 24.5 22.5 15.1 0.0 21.2 16.7 
25RAN20 27.1 24.8 10.8 0.0 20.4 16.8 
40RAN20 19.6 5.8 2.7 0.0 69.7 2.1 
mean (%) 14.3 9.9 5.6 0.0 63.5 6.7 
standard dev. (%) 8.2 10.7 5.7 0.0 28.4 6.3 
range (%) 20.5 24.8 14.8 0.0 65.8 15.9 
max % 27.1 24.8 15.1 0.0 86.2 16.8 
min % 6.6 0.0 0.3 0.0 20.4 0.9 
incubation day(s) with max.% (within 1σ 








1, 2, 4, 
6, 40 
14, 25 
incubation day(s) with min.% (within 1σ 
of the min. %) 
0, 1, 2, 
4, 6 
1, 2, 4, 
6, 40 
1, 2, 4, 
6, 40 
N/A 14, 25 
0, 1, 2, 
4, 6, 40 
              
RA50 
0RA50 16.8 13.1 17.0 25.7 8.2 19.3 
1RA50 23.3 16.9 12.4 17.0 15.6 14.7 
2RA50 20.0 17.2 14.7 14.1 14.8 19.2 
4RA50 14.5 18.0 16.0 19.3 13.0 19.2 
6RA50 28.9 18.2 10.9 8.9 19.1 14.0 
14RA50 23.4 13.2 15.9 18.8 15.5 13.2 
25RA50 22.5 19.0 16.1 15.5 13.5 13.3 
40RA50 18.3 20.4 15.5 10.8 19.6 15.3 
mean (%) 21.0 17.0 14.8 16.3 14.9 16.0 
standard dev. (%) 4.6 2.6 2.1 5.3 3.6 2.7 
range (%) 14.5 7.3 6.1 16.8 11.4 6.1 
max % 28.9 20.4 17.0 25.7 19.6 19.3 
min % 14.5 13.1 10.9 8.9 8.2 13.2 
incubation day(s) with max.% (within 1σ 
of the max. %) 
6 
4, 6, 25, 
40 
0, 4, 14, 
25, 40 
0 6, 40 0, 2, 4 
incubation day(s) with min.% (within 1σ 
of the min. %) 
0, 4, 40 0, 14 1, 6 2, 6, 40 0 
1, 6, 14, 
25, 40 
 





(Table D1 continued) 















































































































0RAN50 45.8 6.5 26.4 0.0 19.3 2.1 
1RAN50 25.8 10.6 25.0 0.9 30.2 7.4 
2RAN50 49.6 10.1 21.4 0.7 12.8 5.4 
4RAN50 33.0 10.6 22.4 2.6 24.4 6.9 
6RAN50 18.6 17.1 20.8 10.4 22.2 11.0 
14RAN50 71.5 2.0 9.1 5.7 6.7 5.2 
25RAN50 36.7 15.7 10.5 7.6 16.0 13.4 
40RAN50 23.6 15.3 25.0 7.4 17.9 10.8 
mean (%) 38.1 11.0 20.1 4.4 18.7 7.8 
standard dev. (%) 17.2 5.1 6.6 3.9 7.2 3.7 
range (%) 52.9 15.1 17.3 10.4 23.5 11.4 
max % 71.5 17.1 26.4 10.4 30.2 13.4 
min % 18.6 2.0 9.1 0.0 6.7 2.1 
incubation day(s) with max.% (within 1σ 




0, 1, 2, 






incubation day(s) with min.% (within 1σ 
of the min. %) 
1, 4, 6, 
40 
0, 14 14, 25 
0, 1, 2, 
4 
2, 14 
0, 1, 2, 
4, 14 
 




















































































































mean (%) 25.6 8.4 23.6 3.5 27.8 11.9 
standard dev. (%) 14.1 8.8 8.6 4.3 13.0 7.5 
range (%) 54.5 34.6 38.9 14.7 57.7 28.5 
max % 61.9 34.6 45.5 14.7 65.0 30.5 
min % 7.4 0.0 6.6 0.0 7.4 2.0 
              
All Return 
mean (%) 21.8 14.9 12.4 4.0 34.2 12.7 
standard dev. (%) 11.9 12.1 7.1 6.6 24.5 7.6 
range (%) 69.6 54.2 30.8 25.7 91.5 34.3 
max % 71.5 54.2 30.8 25.7 97.0 34.3 
min % 1.9 0.0 0.0 0.0 5.5 0.0 
              
All Aerobic 
mean (%) 19.9 14.6 18.5 5.4 26.3 15.2 
standard dev. (%) 6.6 12.1 8.6 6.7 13.1 7.3 
range (%) 30.4 54.2 35.4 25.7 44.6 34.3 
max % 37.2 54.2 40.0 25.7 50.1 34.3 
min % 6.8 0.0 4.6 0.0 5.5 0.0 
              
All Anaerobic 
mean (%) 27.5 8.6 17.5 2.1 35.7 8.6 
standard dev. (%) 16.6 9.0 10.7 3.3 24.0 6.4 
range (%) 69.6 39.4 45.5 11.5 90.4 30.9 
max % 71.5 39.4 45.5 11.5 97.0 31.8 
min % 1.9 0.0 0.0 0.0 6.7 0.9 
              
All 
mean (%) 23.7 11.6 18.0 3.8 31.0 11.9 
standard dev. (%) 13.1 11.0 9.7 5.5 19.8 7.6 
range (%) 69.6 54.2 45.5 25.7 91.5 34.3 
max % 71.5 54.2 45.5 25.7 97.0 34.3 







Table D2. Relative percent carbon utilized by the carbon type for Biolog™ plates incubated for ten days. The 
incubation days with the maximum utilization (within one standard deviation of the max percentage) of each 
substrate is shaded in dark blue. The incubation days with the minumium utilization (within one standard 
deviation of the min. utilization) are shaded light orange.  















































































































0NA4 16.6 1.0 8.0 1.9 42.3 30.2 
1NA4 31.5 1.0 20.1 0.0 15.6 31.9 
2NA4 25.8 0.1 12.6 0.3 29.0 32.2 
4NA4 20.7 1.1 11.3 0.0 42.9 24.0 
6NA4 26.6 0.0 10.6 0.1 49.6 13.1 
14NA4 26.7 0.3 5.8 0.1 57.8 9.3 
25NA4 58.9 0.8 9.4 0.0 22.7 8.2 
40NA4 28.9 1.4 9.8 0.0 46.4 13.5 
mean (%) 29.5 0.7 10.9 0.3 38.3 20.3 
standard dev. (%) 12.8 0.5 4.2 0.6 14.4 10.4 
range (%) 42.3 1.4 14.3 1.9 42.2 24.0 
max % 58.9 1.4 20.1 1.9 57.8 32.2 
min % 16.6 0.0 5.8 0.0 15.6 8.2 
incubation day(s) with max.% 
(within 1σ of the max. %) 
25 
0, 1, 4, 
40 
1 0 6, 14, 40 0, 1, 2, 4 
incubation day(s) with min.% 
(within 1σ of the min. %) 
0, 2, 4, 6, 
14, 40 
2, 6, 14 
0, 14, 25, 
40 
1, 2, 4, 6, 
14, 25, 
40 
1, 2, 25 
6, 14, 25, 
40 
 




















































































































0NAN4 29.8 0.0 31.8 0.6 24.8 12.9 
1NAN4 16.0 0.0 25.5 0.0 33.7 24.8 
2NAN4 43.1 0.0 10.6 0.0 35.4 10.9 
4NAN4 49.4 0.0 11.0 0.0 33.0 6.6 
6NAN4 47.9 2.3 11.2 0.3 24.8 13.6 
14NAN4 20.8 0.0 10.0 0.0 54.6 14.6 
25NAN4 26.5 0.0 6.0 0.0 61.1 6.5 
40NAN4 15.6 0.0 3.7 0.0 77.9 2.7 
mean (%) 31.1 0.3 13.7 0.1 43.2 11.6 
standard dev. (%) 13.9 0.8 9.7 0.2 19.2 6.7 
range (%) 33.7 2.3 28.1 0.6 53.1 22.4 
max % 49.4 2.3 31.8 0.6 77.9 24.8 
min % 15.6 0.0 3.7 0.0 24.8 2.7 
incubation day(s) with max.% 
(within 1σ of the max. %) 
2, 4, 6 6 0, 1 0 25, 40 1 
incubation day(s) with min.% 
(within 1σ of the min. %) 
1, 14, 25, 
40 
0, 1, 2, 4, 
14, 25, 
40 
2, 4, 6, 
14, 25,40 
1, 2, 4, 
14, 25, 
40 
0, 1, 2, 4, 
6 
4, 25, 40 
              
NA20 
0NA20 26.7 13.7 17.4 0.0 21.8 20.5 
1NA20 21.1 7.2 19.6 0.0 29.0 23.2 
2NA20 24.4 4.9 20.3 0.1 26.6 23.6 
4NA20 23.0 3.7 13.9 0.0 26.7 32.6 
6NA20 18.3 5.3 14.3 5.4 40.3 16.4 
14NA20 20.6 8.1 12.0 3.3 34.4 21.6 
25NA20 19.3 6.9 12.5 4.5 32.3 24.5 
40NA20 28.3 7.2 19.3 0.0 21.8 23.5 
mean (%) 22.7 7.1 16.2 1.7 29.1 23.2 
standard dev. (%) 3.6 3.0 3.4 2.3 6.4 4.6 
range (%) 10.1 10.0 8.3 5.4 18.6 16.2 
max % 28.3 13.7 20.3 5.4 40.3 32.6 
min % 18.3 3.7 12.0 0.0 21.8 16.4 
incubation day(s) with max.% 
(within 1σ of the max. %) 
0, 40 0 
0, 1, 2, 
40 
6, 14, 25 6, 14 4 
incubation day(s) with min.% 
(within 1σ of the min. %) 
1, 6, 14, 
25 
2, 4, 6 
4, 6, 14, 
25 
0, 1, 2, 4, 
40 
























































































































0NAN20 22.2 0.7 23.6 8.0 41.4 4.2 
1NAN20 25.5 8.1 18.7 1.7 37.9 8.1 
2NAN20 18.2 3.0 19.3 0.0 49.8 9.8 
4NAN20 7.6 1.5 8.4 0.0 79.0 3.4 
6NAN20 25.9 11.7 23.1 0.0 24.4 14.9 
14NAN20 22.2 11.7 16.7 0.0 23.4 26.0 
25NAN20 19.7 17.0 13.3 0.0 28.3 21.6 
40NAN20 36.4 0.8 10.1 0.0 49.7 3.0 
mean (%) 22.2 6.8 16.7 1.2 41.8 11.4 
standard dev. (%) 8.1 6.2 5.6 2.8 18.3 8.7 
range (%) 28.8 16.3 15.2 8.0 55.6 23.0 
max % 36.4 17.0 23.6 8.0 79.0 26.0 
min % 7.6 0.7 8.4 0.0 23.4 3.0 
incubation day(s) with max.% 
(within 1σ of the max. %) 
40 6, 14, 25 0, 1, 2, 6 0 4 14, 25 
incubation day(s) with min.% 
(within 1σ of the min. %) 
4 
0, 2, 4, 
40 
4, 25, 40 
1, 2, 4, 6, 
14, 25, 
40 
0, 1, 6, 
14, 25 
0, 1, 2, 4, 
40 
              
NA50 
0NA50 40.8 5.6 16.7 5.6 30.4 0.8 
1NA50 21.2 18.0 23.5 13.8 14.3 9.2 
2NA50 15.1 33.3 16.5 15.4 8.3 11.4 
4NA50 13.1 32.7 14.2 15.0 7.4 17.7 
6NA50 21.9 24.5 24.4 8.2 9.4 11.6 
14NA50 17.5 40.4 17.4 6.6 5.6 12.5 
25NA50 36.8 0.0 28.2 10.3 3.7 21.1 
40NA50 25.0 11.9 31.5 14.9 2.2 14.5 
mean (%) 23.9 20.8 21.6 11.2 10.2 12.4 
standard dev. (%) 10.0 14.4 6.3 4.1 9.0 6.0 
range (%) 27.7 40.4 17.3 9.8 28.2 20.3 
max % 40.8 40.4 31.5 15.4 30.4 21.1 
min % 13.1 0.0 14.2 5.6 2.2 0.1 
incubation day(s) with max.% 
(within 1σ of the max. %) 
0, 25 2, 4, 14 25, 40 
1, 2, 4, 
40 
0 4, 25 
incubation day(s) with min.% 
(within 1σ of the min. %) 
1, 2, 4, 6, 
14 
0, 25, 40 
0, 2, 4, 
14 
0, 6, 14 

























































































































0NAN50 44.9 3.9 27.6 0.1 19.2 4.2 
1NAN50 49.6 2.3 24.9 1.5 18.0 3.8 
2NAN50 43.1 1.2 26.4 0.5 26.8 2.0 
4NAN50 44.4 1.8 25.3 0.0 25.1 3.4 
6NAN50 51.8 2.9 28.2 1.1 11.5 4.6 
14NAN50 39.7 3.1 20.1 2.2 32.9 2.0 
25NAN50 46.8 4.5 30.2 1.5 13.9 3.1 
40NAN50 42.5 8.3 26.0 5.8 13.5 3.9 
mean (%) 45.3 3.5 26.9 1.6 20.1 3.4 
standard dev. (%) 3.9 2.2 3.0 1.9 7.5 1.0 
range (%) 12.0 7.1 10.1 5.8 21.4 2.6 
max % 51.8 8.3 30.2 5.8 32.9 4.6 
min % 39.7 1.2 20.1 0.0 11.5 2.0 
incubation day(s) with max.% 
(within 1σ of the max. %) 
1, 6 40 0, 6, 25 40 2, 14 
0, 1, 6, 
40 
incubation day(s) with min.% 
(within 1σ of the min. %) 
2, 14, 40 
1, 2, 4, 6, 
14 
14 
0, 1, 2, 4, 
6, 25 
1, 6, 25, 
40 
2, 14 
              
RA4 
0RA4 80.7 0.0 2.1 0.0 12.4 4.8 
1RA4 74.3 5.9 4.8 0.0 11.1 3.9 
2RA4 25.9 0.0 3.7 0.0 61.8 8.5 
4RA4 16.8 1.5 8.2 0.0 67.3 6.2 
6RA4 12.6 1.1 9.5 0.0 67.7 9.1 
14RA4 20.6 1.3 8.7 0.0 65.2 4.2 
25RA4 8.8 0.4 18.7 0.0 71.2 1.0 
40RA4 11.3 1.1 16.1 0.0 48.6 22.9 
mean (%) 31.4 1.4 9.0 0.0 50.7 7.6 
standard dev. (%) 29.0 1.9 5.8 0.0 25.0 6.7 
range (%) 72.0 5.9 16.6 0.0 60.1 21.9 
max % 80.7 5.9 18.7 0.0 71.2 22.9 
min % 8.8 0.0 2.1 0.0 11.1 1.0 
incubation day(s) with max.% 
(within 1σ of the max. %) 
0, 1 1 25, 40 N/A 




incubation day(s) with min.% 
(within 1σ of the min. %) 
2, 4, 6, 
14, 25, 
40 
0, 2, 4, 6, 
14, 25, 
40 
0, 1, 2 N/A 0, 1 
0, 1, 4, 
14, 25 
 




















































































































0RAN4 32.1 13.7 7.5 4.4 24.7 17.6 
1RAN4 20.5 0.0 5.1 0.0 72.8 1.6 
2RAN4 26.7 12.7 12.0 6.8 27.9 13.9 
4RAN4 13.4 0.1 1.2 0.0 83.9 1.3 
6RAN4 28.2 1.7 12.8 0.0 47.7 9.6 
14RAN4 14.6 0.1 14.8 0.0 49.9 20.6 
25RAN4 26.6 0.6 15.4 0.0 51.4 6.0 
40RAN4 30.2 1.6 4.4 0.0 63.6 0.2 
mean (%) 24.0 3.8 9.2 1.4 52.7 8.9 
standard dev. (%) 7.1 5.8 5.3 2.7 20.5 7.9 
range (%) 18.7 13.7 14.2 6.8 59.2 20.5 
max % 32.1 13.7 15.4 6.8 83.9 20.6 
min % 13.4 0.0 1.2 0.0 24.7 0.2 
incubation day(s) with max.% 
(within 1σ of the max. %) 
0, 2, 6, 
25, 40 
0, 2 
2, 6, 14, 
25 
0, 2 1, 4, 40 0, 2, 14 
incubation day(s) with min.% 
(within 1σ of the min. %) 
4, 14 
1, 4, 6, 
14, 25, 
40 
1, 4, 40 




1, 4, 25, 
40 
              
RA20 
0RA20 33.2 19.4 8.4 1.0 24.8 13.1 
1RA20 26.1 7.2 12.4 0.0 37.9 16.3 
2RA20 23.8 2.3 10.3 0.8 41.1 21.6 
4RA20 23.7 1.3 11.8 2.4 37.1 23.6 
6RA20 31.7 1.5 10.3 0.0 33.0 23.5 
14RA20 20.8 2.8 13.8 0.0 39.4 23.2 
25RA20 24.9 4.5 10.9 1.9 36.9 20.9 
40RA20 26.9 2.7 13.4 2.5 34.6 19.9 
mean (%) 26.4 5.2 11.4 1.1 35.6 20.3 
standard dev. (%) 4.2 6.1 1.8 1.1 5.1 3.8 
range (%) 12.3 18.1 5.4 2.5 16.3 10.4 
max % 33.2 19.4 13.8 2.5 41.1 23.6 
min % 20.8 1.3 8.4 0.0 24.8 13.1 
incubation day(s) with max.% 
(within 1σ of the max. %) 
0, 6 0 1, 14, 40 4, 25, 40 
1, 2, 4, 
14, 25 
2, 4, 6, 
14, 25, 
40 
incubation day(s) with min.% 
(within 1σ of the min. %) 
2, 4, 14, 
25 




0, 1, 2, 6, 
14 
0 0, 1 
 




















































































































0RAN20 16.1 10.3 5.8 0.0 63.6 4.2 
1RAN20 16.5 0.0 1.3 0.0 80.1 2.1 
2RAN20 19.0 0.0 0.4 0.0 79.2 1.4 
4RAN20 21.8 3.3 14.3 0.0 46.4 14.1 
6RAN20 24.4 15.6 17.1 0.0 25.9 16.9 
14RAN20 19.6 17.6 20.3 0.0 19.9 22.6 
25RAN20 23.7 24.3 10.7 0.0 23.0 18.3 
40RAN20 19.7 4.0 3.7 0.0 68.9 3.6 
mean (%) 20.1 9.4 9.2 0.0 50.9 10.4 
standard dev. (%) 3.1 9.0 7.5 0.0 25.4 8.5 
range (%) 8.3 24.3 19.8 0.0 60.2 21.2 
max % 24.4 24.3 20.3 0.0 80.1 22.6 
min % 16.1 0.0 0.4 0.0 19.9 1.4 
incubation day(s) with max.% 
(within 1σ of the max. %) 
4, 6, 25 6, 14, 25 4, 6, 14 N/A 
0, 1, 2, 
40 
4, 6, 14, 
25 
incubation day(s) with min.% 
(within 1σ of the min. %) 
0, 1, 2 
1, 2, 4, 
40 
0, 1, 2, 
40 
N/A 6, 14, 25 
0, 1, 2, 
40 
              
RA50 
0RA50 15.6 11.9 15.6 24.1 16.4 16.4 
1RA50 18.3 16.1 15.4 19.0 16.2 14.9 
2RA50 21.0 13.9 14.0 16.7 12.1 22.3 
4RA50 14.1 15.4 16.2 20.8 14.4 19.1 
6RA50 14.0 16.8 13.7 23.8 9.8 21.9 
14RA50 24.8 10.3 16.5 20.7 15.1 12.5 
25RA50 16.6 16.6 14.8 15.7 18.1 18.1 
40RA50 16.5 18.6 18.3 14.3 17.1 15.2 
mean (%) 17.6 15.0 15.6 19.4 14.9 17.6 
standard dev. (%) 3.7 2.7 1.5 3.6 2.8 3.4 
range (%) 10.8 8.3 4.5 9.7 8.3 9.8 
max % 24.8 18.6 18.3 24.1 18.1 22.3 
min % 14.0 10.3 13.7 14.3 9.8 12.5 
incubation day(s) with max.% 
(within 1σ of the max. %) 
14 
1, 6, 25, 
40 
40 
0, 4, 6, 
14 
0, 1, 25, 
40 
2, 4, 6 
incubation day(s) with min.% 
(within 1σ of the min. %) 
0, 4, 6, 
25, 40 
0, 14 2, 6, 25 2, 25, 40 2, 6 1, 14, 40 
 




















































































































0RAN50 39.8 4.2 34.3 1.9 15.7 4.2 
1RAN50 26.9 12.1 27.9 2.7 22.7 7.7 
2RAN50 38.6 10.3 24.4 4.6 17.9 4.1 
4RAN50 45.9 6.5 32.7 0.2 10.2 4.6 
6RAN50 27.9 13.9 45.7 0.0 4.4 8.0 
14RAN50 69.0 2.5 11.9 6.0 5.2 5.3 
25RAN50 41.3 6.1 32.2 3.0 10.3 7.0 
40RAN50 26.6 12.4 26.7 3.1 21.7 9.5 
mean (%) 39.5 8.5 29.5 2.7 13.5 6.3 
standard dev. (%) 14.0 4.2 9.6 2.0 7.1 2.0 
range (%) 42.5 11.4 33.8 6.0 18.3 5.4 
max % 69.0 13.9 45.7 6.0 22.7 9.5 
min % 26.6 2.5 11.9 0.0 4.4 4.1 
incubation day(s) with max.% 
(within 1σ of the max. %) 
14 
1, 2, 6, 
40 
6 2, 14 1, 2, 40 6, 40 
incubation day(s) with min.% 
(within 1σ of the min. %) 
0, 1, 2, 6, 
40 
0, 4, 14, 
25 
14 0, 4, 6 
4, 6, 14, 
25 
0, 2, 4, 
14 
 




















































































































mean (%) 29.1 6.5 17.5 2.7 30.4 13.7 
standard dev. (%) 12.1 9.3 7.5 4.5 17.6 9.3 
range (%) 51.2 40.4 28.1 15.4 76.8 31.9 
max % 58.9 40.4 31.8 15.4 79.0 32.6 
min % 7.6 0.0 3.7 0.0 2.2 0.8 
              
All Return 
mean (%) 26.5 7.2 14.0 4.1 36.4 11.8 
standard dev. (%) 14.9 6.8 9.3 7.2 23.4 7.7 
range (%) 72.0 24.3 45.3 24.1 79.5 23.4 
max % 80.7 24.3 45.7 24.1 83.9 23.6 
min % 8.8 0.0 0.4 0.0 4.4 0.2 
              
All Aerobic 
mean (%) 25.2 8.4 14.1 5.6 29.8 16.9 
standard dev. (%) 13.9 9.6 5.8 7.7 18.5 8.0 
range (%) 72.0 40.4 29.5 24.1 69.0 31.9 
max % 80.7 40.4 31.5 24.1 71.2 32.6 
min % 8.8 0.0 2.1 0.0 2.2 0.8 
              
All Anaerobic 
mean (%) 30.4 5.4 17.4 1.2 37.0 8.6 
standard dev. (%) 12.9 6.1 10.5 2.1 22.5 6.9 
range (%) 61.4 24.3 45.3 8.0 79.5 25.8 
max % 69.0 24.3 45.7 8.0 83.9 26.0 
min % 4.6 0.0 0.4 0.0 4.4 0.2 
              
All 
mean (%) 27.8 6.9 15.7 3.4 33.4 12.8 
standard dev. (%) 13.6 8.2 8.6 6.0 20.8 8.5 
range (%) 73.1 40.4 45.3 24.1 81.7 32.5 
max % 80.7 40.4 45.7 24.1 83.9 32.6 







Table D3. Change in relative percent carbon utilization by carbon type between Day 5 and Day 10 of Biolog™ 
plate incubation.  Increasing percent utilization is indicated with light orange shading, decreasing utilization is 
shaded dark grey. 
 
(Continued on following page)  























































































































0NA4 -11.6 -5.7 -18.4 -5.4 17.6 23.5 
1NA4 16.1 -5.0 -9.1 -9.2 -15.3 22.5 
2NA4 18.4 -3.0 -22.9 -10.2 -5.6 23.3 
4NA4 12.4 -13.7 -19.5 -10.9 17.2 14.5 
6NA4 15.1 0.0 -26.6 -3.8 10.2 5.0 
14NA4 13.5 -6.0 -32.0 -5.8 32.4 -2.0 
25NA4 42.4 -4.1 -17.5 -7.8 -6.7 -6.3 
40NA4 7.2 0.7 -5.5 -0.2 6.6 -8.7 
mean % change 14.2 -4.6 -18.9 -6.7 7.0 9.0 
standard dev. 14.8 4.4 8.7 3.6 15.7 13.7 
range % 53.9 14.3 26.5 10.7 47.7 32.2 
max ∆ % decrease  11.6 13.7 32.0 10.9 15.3 8.7 
max ∆ % increase 42.4 0.6 0.0 0.0 32.4 23.5 
# days decrease 1 6 8 8 3 3 
# days increase 7 1 0 0 5 5 
# days no change  0 1 0 0 0 0 
NAN4 
0NAN4 1.4 -4.8 2.0 -4.7 1.1 5.0 
1NAN4 8.0 -2.1 -12.0 -4.1 -4.5 14.7 
2NAN4 30.8 -1.6 -20.7 -8.6 -7.8 7.8 
4NAN4 38.9 -1.0 -34.5 -1.0 -5.0 2.6 
6NAN4 21.9 -5.2 -14.9 -5.4 2.7 0.8 
14NAN4 -1.6 -0.2 3.4 0.0 -10.4 8.9 
25NAN4 8.2 0.0 -7.0 0.0 7.0 -8.3 
40NAN4 6.5 -9.9 -31.5 0.0 39.5 -4.5 
mean % change 14.2 -3.0 -14.4 -3.0 2.8 3.4 
standard dev. 14.6 3.4 14.1 3.2 15.9 7.4 
range % 40.5 9.9 37.8 8.6 49.9 23.0 
max ∆ % decrease  1.6 9.9 34.5 8.6 39.5 8.3 
max ∆ % increase 38.9 0.0 3.4 0.0 22.5 14.7 
# days decrease 1 7 6 5 4 2 
# days increase 7 0 2 0 4 6 





(Table D3 continued) 
 
























































































































0NA20 -0.8 2.2 9.4 -0.2 -0.5 -10.0 
1NA20 4.2 -5.5 4.5 0.0 -11.9 8.8 
2NA20 7.1 -2.7 -6.9 -0.2 -4.7 7.5 
4NA20 2.9 -1.5 -2.7 0.0 -1.5 2.9 
6NA20 -4.0 -4.0 -1.9 5.4 7.5 -3.1 
14NA20 -0.5 -0.7 -0.4 3.2 -0.2 -1.5 
25NA20 -1.0 -1.3 -0.8 4.5 -0.6 -0.8 
40NA20 0.7 -0.4 -1.1 0.0 0.4 0.4 
mean % change 1.1 -1.8 0.0 1.6 -1.4 0.5 
standard dev. 3.5 2.3 4.9 2.4 5.4 6.0 
range % 11.1 7.7 16.3 5.6 19.4 18.8 
max ∆ % decrease  4.0 5.5 6.9 0.2 11.9 10.0 
max ∆ % increase 7.1 2.2 9.4 5.4 7.5 8.8 
# days decrease 4 7 6 3 6 4 
# days increase 4 1 2 3 2 4 
# days no change  0 0 0 2 0 0 
 NAN20 
0NAN20 -2.1 0.7 -2.5 -2.5 6.4 0.0 
1NAN20 -2.8 3.0 -3.2 1.7 0.1 1.2 
2NAN20 1.2 -11.7 -4.4 0.0 18.9 -4.1 
4NAN20 -16.0 1.0 -17.9 0.0 35.5 -2.5 
6NAN20 -0.7 9.5 0.7 0.0 -15.7 6.2 
14NAN20 -2.7 0.2 -0.5 0.0 1.3 1.7 
25NAN20 -6.5 4.1 0.6 0.0 2.6 -0.8 
40NAN20 1.0 0.8 -1.3 0.0 0.3 -0.7 
mean % change -3.6 0.9 -3.6 -0.1 6.2 0.1 
standard dev. 5.6 6.0 6.1 1.1 15.2 3.1 
range % 17.3 21.2 18.6 4.2 51.2 10.4 
max ∆ % decrease  16.0 11.7 17.9 2.5 15.7 4.1 
max ∆ % increase 1.2 9.5 0.7 1.7 35.5 6.2 
# days decrease 6 1 6 1 1 5 
# days increase 2 7 2 1 7 3 





(Table D3 continued) 
 























































































































0NA50 3.6 -12.9 -1.1 3.0 13.2 -5.8 
1NA50 2.3 18.0 -16.6 10.8 -21.7 7.2 
2NA50 -5.8 6.9 -12.6 11.5 -7.1 7.1 
4NA50 -1.3 3.9 -5.0 4.4 -4.7 2.8 
6NA50 2.7 8.1 0.3 -5.5 -6.1 0.5 
14NA50 -8.0 5.7 -3.4 4.1 -5.8 7.4 
25NA50 15.9 -30.7 12.5 -4.4 -3.7 10.4 
40NA50 8.5 -15.3 7.7 4.2 -10.0 5.0 
mean % change 2.2 -2.0 -2.3 3.5 -5.8 4.3 
standard dev. 7.7 16.0 9.6 6.1 9.6 5.1 
range % 23.9 48.7 29.1 17.0 34.9 16.2 
max ∆ % decrease  8.0 30.7 16.6 5.5 21.7 5.8 
max ∆ % increase 15.9 18.0 12.5 11.5 13.2 10.4 
# days decrease 3 3 5 2 7 1 
# days increase 5 5 3 6 1 7 
# days no change  0 0 0 0 0 0 
 NAN50 
0NAN50 -17.0 1.8 5.6 0.1 8.5 1.0 
1NAN50 -6.1 0.2 1.4 1.0 3.5 0.0 
2NAN50 -14.7 -1.4 3.2 -0.1 14.5 -1.5 
4NAN50 -17.1 0.2 0.8 0.0 16.2 0.0 
6NAN50 -0.1 -0.1 1.8 0.1 -0.6 -1.1 
14NAN50 -6.6 -2.7 -0.6 -3.9 18.3 -4.4 
25NAN50 3.8 -0.4 9.3 -2.8 -8.0 -1.9 
40NAN50 0.8 -2.3 1.2 3.1 2.1 -5.0 
mean % change -7.1 -0.6 2.8 -0.3 6.8 -1.6 
standard dev. 8.3 1.5 3.2 2.2 9.2 2.1 
range % 21.0 4.5 9.9 7.0 26.2 6.0 
max ∆ % decrease  17.1 2.7 0.6 3.9 8.0 5.0 
max ∆ % increase 3.8 1.8 9.3 3.1 18.3 1.0 
# days decrease 6 5 1 3 2 7 
# days increase 2 3 7 4 6 1 
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0RA4 56.5 -50.0 -5.7 0.0 4.1 -4.8 
1RA4 61.5 -2.9 -25.9 0.0 -28.5 -4.1 
2RA4 1.3 -24.1 -13.4 -7.8 56.2 -12.1 
4RA4 -8.8 -21.4 -5.8 0.0 54.7 -18.8 
6RA4 -12.0 -19.2 -6.3 0.0 44.7 -7.1 
14RA4 -13.3 -4.4 -6.0 0.0 53.8 -30.1 
25RA4 2.0 -33.3 8.0 0.0 22.4 1.0 
40RA4 -0.7 -9.7 2.1 0.0 2.9 5.3 
mean % change 10.8 -20.6 -6.6 -1.0 26.3 -8.9 
standard dev. 30.3 15.8 10.1 2.8 31.3 11.3 
range % 74.7 47.1 33.9 7.8 84.8 35.4 
max ∆ % decrease  13.3 50.0 25.9 7.8 28.5 30.1 
max ∆ % increase 61.5 0.0 8.0 0.0 56.2 5.3 
# days decrease 4 8 6 1 1 6 
# days increase 4 0 2 0 7 2 
# days no change  0 0 0 7 0 0 
 RAN4 
0RAN4 18.3 -18.1 -1.9 -0.7 -2.5 4.9 
1RAN4 -2.6 -13.3 1.3 0.0 22.7 -8.1 
2RAN4 8.2 -8.3 -4.6 -4.7 13.1 -3.7 
4RAN4 -8.3 -39.2 -11.2 0.0 69.1 -10.4 
6RAN4 6.8 -12.8 3.0 0.0 25.2 -22.2 
14RAN4 12.7 0.1 14.8 0.0 -47.1 19.6 
25RAN4 5.5 -1.5 13.7 0.0 -13.8 -3.9 
40RAN4 10.7 -17.9 -1.2 0.0 13.3 -5.0 
mean % change 6.4 -13.9 1.7 -0.7 10.0 -3.6 
standard dev. 8.5 12.3 8.8 1.6 33.6 12.1 
range % 26.6 39.4 26.0 4.7 116.3 41.8 
max ∆ % decrease  8.3 39.2 11.2 4.7 47.1 22.2 
max ∆ % increase 18.3 0.1 14.8 0.0 69.1 19.6 
# days decrease 2 7 4 2 3 6 
# days increase 6 1 4 0 5 2 
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0RA20 24.3 -34.8 3.8 0.5 3.8 2.3 
1RA20 12.3 -9.5 0.6 0.0 -3.1 -0.3 
2RA20 8.7 -1.4 0.3 -0.2 -8.3 0.9 
4RA20 1.3 -0.6 1.0 2.4 -7.5 3.3 
6RA20 14.0 -1.3 1.2 0.0 -17.2 3.2 
14RA20 -2.6 -1.0 1.2 0.0 -5.6 8.1 
25RA20 0.1 -1.0 0.6 0.7 -6.6 6.3 
40RA20 -2.5 -1.9 -2.3 2.1 1.2 3.3 
mean % change 7.0 -6.4 0.8 0.7 -5.4 3.4 
standard dev. 9.6 11.8 1.7 1.0 6.4 2.7 
range % 26.9 34.2 6.1 2.6 21.0 8.3 
max ∆ % decrease  2.6 34.8 2.3 0.2 17.2 0.3 
max ∆ % increase 24.3 0.0 3.8 2.4 3.8 8.1 
# days decrease 2 8 1 1 6 1 
# days increase 6 0 7 4 2 7 
# days no change  0 0 0 3 0 0 
 RAN20 
0RAN20 7.9 -10.1 -5.0 0.0 8.2 -1.1 
1RAN20 6.0 -0.6 -0.5 0.0 -6.0 1.1 
2RAN20 8.7 0.0 0.1 0.0 -7.1 -1.8 
4RAN20 15.2 2.1 12.2 0.0 -39.1 9.6 
6RAN20 17.1 11.7 15.7 0.0 -57.2 12.7 
14RAN20 -4.9 -4.9 5.2 0.0 -1.3 5.9 
25RAN20 -3.4 -0.5 -0.2 0.0 2.6 1.5 
40RAN20 0.1 -1.8 1.0 0.0 -0.8 1.5 
mean % change 5.9 -0.5 3.6 0.0 -12.6 3.7 
standard dev. 8.1 6.2 7.0 0.0 23.0 5.2 
range % 22.0 21.7 20.7 0.0 65.4 14.5 
max ∆ % decrease  4.9 10.1 5.0 0.0 57.2 1.8 
max ∆ % increase 17.1 11.7 15.7 0.0 8.2 12.7 
# days decrease 2 5 3 0 6 2 
# days increase 6 2 5 0 2 6 
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0RA50 -1.2 -1.1 -1.4 -1.6 8.2 -2.9 
1RA50 -5.0 -0.8 2.9 2.0 0.6 0.2 
2RA50 1.0 -3.3 -0.7 2.7 -2.7 3.1 
4RA50 -0.4 -2.6 0.2 1.5 1.3 0.0 
6RA50 -14.9 -1.5 2.9 14.9 -9.3 7.9 
14RA50 1.5 -2.9 0.6 1.9 -0.4 -0.7 
25RA50 -5.9 -2.4 -1.3 0.2 4.7 4.8 
40RA50 -1.8 -1.8 2.8 3.5 -2.5 -0.1 
mean % change -3.3 -2.1 0.7 3.1 0.0 1.5 
standard dev. 5.4 0.9 1.9 5.0 5.2 3.5 
range % 16.4 2.5 4.4 16.5 17.5 10.8 
max ∆ % decrease  14.9 3.3 1.4 1.6 9.3 2.9 
max ∆ % increase 1.5 0.0 2.9 14.9 8.2 7.9 
# days decrease 6 8 3 1 4 4 
# days increase 2 0 5 7 4 4 
# days no change  0 0 0 0 0 0 
 RAN50 
0RAN50 -6.0 -2.3 7.9 1.9 -3.6 2.1 
1RAN50 1.1 1.4 2.9 1.7 -7.5 0.4 
2RAN50 -10.9 0.2 3.0 3.8 5.1 -1.3 
4RAN50 12.9 -4.1 10.3 -2.4 -14.3 -2.3 
6RAN50 9.4 -3.2 24.9 -10.4 -17.7 -2.9 
14RAN50 -2.4 0.5 2.9 0.3 -1.4 0.2 
25RAN50 4.6 -9.6 21.7 -4.6 -5.7 -6.4 
40RAN50 3.0 -2.9 1.7 -4.3 3.8 -1.3 
mean % change 1.4 -2.5 9.4 -1.7 -1.7 -1.5 
standard dev. 7.8 3.5 9.1 4.6 4.6 2.6 
range % 23.8 11.1 23.2 14.3 14.3 8.5 
max ∆ % decrease  10.9 9.6 1.7 10.4 10.4 6.4 
max ∆ % increase 12.9 1.4 24.9 3.8 3.8 2.1 
# days decrease 3 5 0 4 6 5 
# days increase 5 3 8 4 2 3 





























































































































mean % change 3.5 -1.9 -6.1 -0.8 2.6 2.6 
standard dev. 12.6 7.2 11.3 4.7 12.7 7.7 
max ∆ % decrease  17.1 30.7 34.5 10.9 21.7 10.0 
max ∆ % increase 42.4 18.0 12.5 11.5 39.5 23.5 
# days decrease 21 29 32 22 23 22 
# days increase 27 17 16 14 25 26 
# days no change  0 2 0 12 0 0 
All Return 
mean % change 4.7 -7.7 1.6 0.1 2.2 -0.9 
standard dev. 14.3 11.9 8.4 3.3 24.1 8.3 
max ∆ % decrease  14.9 50.0 25.9 10.4 57.2 30.1 
max ∆ % increase 61.5 11.7 24.9 14.9 69.1 19.6 
# days decrease 19 41 17 9 26 24 
# days increase 29 6 31 15 22 24 
# days no change  0 1 0 24 0 0 
All Aerobic 
mean % change 5.3 -6.3 -4.4 0.2 3.5 1.7 
standard dev. 15.3 12.0 9.7 5.0 18.3 1.4 
max ∆ % decrease  14.9 50.0 32.0 10.9 28.5 30.1 
max ∆ % increase 61.5 18.0 12.5 14.9 56.2 23.5 
# days decrease 20 40 29 16 27 19 
# days increase 28 7 19 20 21 29 
# days no change  0 1 0 12 0 0 
All Anaerobic 
mean % change 2.9 -3.3 -0.1 -1.0 1.3 0.1 
standard dev. 11.2 7.9 11.1 2.7 2.9 6.7 
max ∆ % decrease  17.1 39.2 34.5 10.4 57.2 22.2 
max ∆ % increase 38.9 11.7 24.9 3.8 69.1 19.6 
# days decrease 20 30 20 15 22 27 
# days increase 28 16 28 9 26 21 
# days no change  0 2 0 24 0 0 
All 
mean % change 4.1 -4.8 -2.2 -0.4 2.4 0.9 
standard dev. 13.4 10.2 10.6 4.1 19.1 8.2 
max ∆ % decrease  17.1 50.0 34.5 10.9 57.2 30.1 
max ∆ % increase 61.5 18.0 24.9 14.9 69.1 23.5 
# days decrease 40 70 49 31 49 46 
# days increase 56 23 47 29 47 50 



















Figure E1 Cluster analysis of all Biolog day five data. Dendograms were produced using SAS® 4.3 statistical 
software (SAS® Institute Inc. Cary, NC) 






Figure E2. Cluster analysis of all Biolog day ten data. Dendograms were produced using SAS® 4.3 statistical 
software (SAS® Institute Inc. Cary, NC) 






Figure E3. Cluster analysis of all aerobic Biolog day five data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 






Figure E4. Cluster analysis of all aerobic Biolog day ten data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 






Figure E5. Cluster analysis of all anaerobic Biolog day five data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 






Figure E6. Cluster analysis of all anaerobic Biolog day ten data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 






Figure E7. Cluster analysis of all new fluids Biolog day five data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 






Figure E8. Cluster analysis of all new fluids Biolog day ten data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 






Figure E9. Cluster analysis of all return fluids Biolog day five data. Dendograms were produced using SAS® 
4.3 statistical software (SAS® Institute Inc. Cary, NC) 






Figure E10. Cluster analysis of all return fluids Biolog day ten data. Dendograms were produced using SAS® 
4.3 statistical software (SAS® Institute Inc. Cary, NC)






Figure E11. Cluster analysis of NA4 Biolog™ day five data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 
 
 
Figure E12. Cluster analysis of NA4 Biolog™ day ten data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 
NA4 Biolog™ D5 






Figure E13. Cluster analysis of NA20 Biolog™ day five data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 
 
 
Figure E14. Cluster analysis of NA20 Biolog™ day ten data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 
NA20 Biolog™ D5 






Figure E15. Cluster analysis of NA50 Biolog™ day five data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 
 
 
Figure E16. Cluster analysis of NA50 Biolog™ day ten data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 
NA50 Biolog™ D5 






Figure E17. Cluster analysis of NAN4 Biolog™ day five data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 
 
 
Figure E18. Cluster analysis of NAN4 Biolog™ day ten data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 
NAN4 Biolog™ D5 






Figure E19. Cluster analysis of NAN20 Biolog™ day five data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 
 
 
Figure E20. Cluster analysis of NAN20 Biolog™ day ten data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 
NAN20 Biolog™ D5 






Figure E21. Cluster analysis of NAN50 Biolog™ day five data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 
 
 
Figure E22. Cluster analysis of NAN50 Biolog™ day ten data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 
NAN50 Biolog™ D5 






Figure E23. Cluster analysis of RA4 Biolog™ day five data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 
 
 
Figure E24. Cluster analysis of RA4 Biolog™ day ten data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 
RA4 Biolog™ D5 






Figure E25. Cluster analysis of RA20Biolog™ day five data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 
 
 
Figure E26. Cluster analysis of RA20 Biolog™ day ten data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 
RA20 Biolog™ D5 






Figure E27. Cluster analysis of RA50 Biolog™ day five data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 
 
 
Figure E28. Cluster analysis of RA50 Biolog™ day ten data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 
RA50 Biolog™ D5 






Figure E29. Cluster analysis of RAN4 Biolog™ day five data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 
 
 
Figure E30. Cluster analysis of RAN4 Biolog™ day ten data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 
RAN4 Biolog™ D5 
 







Figure E31. Cluster analysis of RAN20 Biolog™ day five data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 
 
 
Figure E32. Cluster analysis of RAN20 Biolog™ day ten data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 
RAN20 Biolog™ D5 
 







Figure E33. Cluster analysis of RAN50 Biolog™ day five data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 
 
 
Figure E34. Cluster analysis of RAN50 Biolog™ day ten data. Dendograms were produced using SAS® 4.3 
statistical software (SAS® Institute Inc. Cary, NC) 
RAN50 Biolog™ D5 
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Figure F1. New 4°C RAPD-PCR products using primer 1344 run on a 
1% agarose gel. Images produced using a Kodak Gel Logic Imaging 
System 200 (Kodak Scientific Imaging Systems, Rochester, NY) 
PC=positive control, NC=negative control. Numbers indicate incubation 
day. 
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Figure F2. New 4°C RAPD-PCR products using primer 2817 run on a 
1% agarose gel. Images produced using a Kodak Gel Logic Imaging 
System 200 (Kodak Scientific Imaging Systems, Rochester, NY) 
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Figure F3. New 4°C RAPD-PCR products using primer GAA5 run on a 
1% agarose gel. Images produced using a Kodak Gel Logic Imaging 
System 200 (Kodak Scientific Imaging Systems, Rochester, NY) 
PC=positive control, NC=negative control. Numbers indicate incubation 
day. 
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Figure F4. New 20°C RAPD-PCR products using primer 1344 run on a 
1% agarose gel. Images produced using a Kodak Gel Logic Imaging 
System 200 (Kodak Scientific Imaging Systems, Rochester, NY) 
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Figure F5. New 20°C RAPD-PCR products using primer 2817 run on a 
1% agarose gel. Images produced using a Kodak Gel Logic Imaging 
System 200 (Kodak Scientific Imaging Systems, Rochester, NY) 
PC=positive control, NC=negative control. Numbers indicate incubation 
day. 
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Figure F6. New 20°C RAPD-PCR products using primer GAA5 run on a 
1% agarose gel. Images produced using a Kodak Gel Logic Imaging 
System 200 (Kodak Scientific Imaging Systems, Rochester, NY) 
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Figure F7. New 50°C RAPD-PCR products using primer 1344 run on a 
1% agarose gel. Images produced using a Kodak Gel Logic Imaging 
System 200 (Kodak Scientific Imaging Systems, Rochester, NY) 
PC=positive control, NC=negative control. Numbers indicate incubation 
day. 
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Figure F8. New 50°C RAPD-PCR products using primer 2817 run on a 
1% agarose gel. Images produced using a Kodak Gel Logic Imaging 
System 200 (Kodak Scientific Imaging Systems, Rochester, NY) 
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Figure F9. New 50°C RAPD-PCR products using primer GAA5 run on a 
1% agarose gel. Images produced using a Kodak Gel Logic Imaging 
System 200 (Kodak Scientific Imaging Systems, Rochester, NY) 























Figure F10. New killed RAPD-PCR products using primer 1344 run on a 
1% agarose gel. PC=positive control, NC=negative control. Numbers 
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Figure F11. New Killed RAPD-PCR products using primer 2817(left). 
And primer GAA5 (right) run on a 1% agarose gel. Images produced using 
a Kodak Gel Logic Imaging System 200 (Kodak Scientific Imaging 
Systems, Rochester, NY) PC=positive control, NC=negative control. 
Numbers indicate incubation day. 
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Figure F12. Return 4°C RAPD-PCR products using primer 2817 run on a 
1% agarose gel. Images produced using a Kodak Gel Logic Imaging 
System 200 (Kodak Scientific Imaging Systems, Rochester, NY) 
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Figure F13. Return 4°C RAPD-PCR products using primer 1344 run on a 
1% agarose gel. Images produced using a Kodak Gel Logic Imaging 
System 200 (Kodak Scientific Imaging Systems, Rochester, NY) 
PC=positive control, NC=negative control. Numbers indicate incubation 
day. 
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Figure F14. Return 4°C RAPD-PCR products using primer GAA5 run on 
a 1% agarose gel. Images produced using a Kodak Gel Logic Imaging 
System 200 (Kodak Scientific Imaging Systems, Rochester, NY) 
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Figure F15. Return 20°C RAPD-PCR products using primer 2817 run on 
a 1% agarose gel. Images produced using a Kodak Gel Logic Imaging 
System 200 (Kodak Scientific Imaging Systems, Rochester, NY 
PC=positive control, NC=negative control. Numbers indicate incubation 
day. 
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Figure F16. Return 20°C RAPD-PCR products using primer GAA
5
 run 
on a 1% agarose gel. Images produced using a Kodak Gel Logic Imaging 
System 200 (Kodak Scientific Imaging Systems, Rochester, NY) 
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Figure F17. Return 20°C RAPD-PCR products using primer 1344 run on 
a 1% agarose gel. Images produced using a Kodak Gel Logic Imaging 
System 200 (Kodak Scientific Imaging Systems, Rochester, NY) 
PC=positive control, NC=negative control. Numbers indicate incubation 
day. 
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Figure F18. Return 50°C RAPD-PCR products using primer 1344 run on 
a 1% agarose gel. Images produced using a Kodak Gel Logic Imaging 
System 200 (Kodak Scientific Imaging Systems, Rochester, NY) 
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Figure F19. Return 50°C RAPD-PCR products using primer 2817 run on 
a 1% agarose gel. Images produced using a Kodak Gel Logic Imaging 
System 200 (Kodak Scientific Imaging Systems, Rochester, NY) 
PC=positive control, NC=negative control. Numbers indicate incubation 
day. 
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Figure F20. Return 50°C RAPD-PCR products using primer GAA5 run 
on a 1% agarose gel. Images produced using a Kodak Gel Logic Imaging 
System 200 (Kodak Scientific Imaging Systems, Rochester, NY) 






























Figure F21. Return Killed RAPD-PCR products using primer 1344 run 
on a 1% agarose gel. PC=positive control, NC=negative control. Numbers 
indicate incubation day. 










































Figure F22. Return Killed RAPD-PCR products using primer 2817 (left) 
and primer GAA5 (right) run on a 1% agarose gel. Images produced using 
a Kodak Gel Logic Imaging System 200 (Kodak Scientific Imaging 
Systems, Rochester, NY) PC=positive control, NC=negative control. 























Figure G1. Cluster analysis of NA4 incubation using the presence/absence dinary data from RAPD-PCR. 
Dendograms were produced using SAS® 4.3 statistical software (SAS® Institute Inc. Cary, NC). 
 
 
Figure G2. Cluster analysis of NAN4 incubation using the presence/absence dinary data from RAPD-PCR. 
Dendograms were produced using SAS® 4.3 statistical software (SAS® Institute Inc. Cary, NC). 
NA4 Cluster Analysis Community Composition 







Figure G3. Cluster analysis of NA20 incubation using the presence/absence dinary data from RAPD-PCR. 




Figure G4. Cluster analysis of NAN20 incubation using the presence/absence dinary data from RAPD-PCR. 
Dendograms were produced using SAS® 4.3 statistical software (SAS® Institute Inc. Cary, NC). 
NA20 Cluster Analysis Community Composition 






Figure G1. Cluster analysis of NA50 incubation using the presence/absence dinary data from RAPD-PCR. 
Dendograms were produced using SAS® 4.3 statistical software (SAS® Institute Inc. Cary, NC). 
 
 
Figure G2. Cluster analysis of NAN50 incubation using the presence/absence dinary data from RAPD-PCR. 
Dendograms were produced using SAS® 4.3 statistical software (SAS® Institute Inc. Cary, NC). 
 
 
NA50 Cluster Analysis Community Composition 






Figure G3. Cluster analysis of RA4 incubation using the presence/absence dinary data from RAPD-PCR. 




Figure G4. Cluster analysis of RAN4 incubation using the presence/absence dinary data from RAPD-PCR. 
Dendograms were produced using SAS® 4.3 statistical software (SAS® Institute Inc. Cary, NC). 
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Figure G5. Cluster analysis of RA20 incubation using the presence/absence dinary data from RAPD-PCR. 




Figure G6. Cluster analysis of RAN20 incubation using the presence/absence dinary data from RAPD-PCR. 
Dendograms were produced using SAS® 4.3 statistical software (SAS® Institute Inc. Cary, NC). 
RA20 Cluster Analysis Community Composition 






Figure G7. Cluster analysis of RA50 incubation using the presence/absence dinary data from RAPD-PCR. 




Figure G8. Cluster analysis of RAN50 incubation using the presence/absence dinary data from RAPD-PCR. 
Dendograms were produced using SAS® 4.3 statistical software (SAS® Institute Inc. Cary, NC). 
RA50 Cluster Analysis Community Composition 







Figure G9. Bar graph representing the Shannon-Weaver indices for entropy (H), with respect to the RAPD-PCR band areas, organized by incubation 
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Figure G10. Pielou’s evenness index (J) for each sample calculated from the RAPD-PCR band areas using the formula: 𝐽 =
𝐻
𝐻max
  ,where H is the Shannon-
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Table G1. Entropy, evenness and richness comparison of the RAPD PCR results. Statistical significance was tested using a two tailed t-test assuming unequal 
variance (Microsoft® Excel 2010) using the mean entropies, evenness and richness. Bold values indicate statistically significant differences. 
Aerobic and Anaerobic RAPD PCR results  
 
Mean Shannon Entropy (H), Evenness (J), and Richness (S) Difference 
Incubation 
Temp. (°C) 
Aerobic Anaerobic Bold values indicate statistical significance 
H J S H J S ΔH p-value ΔJ p-value ΔS p-value 
All 2.42 0.73 25.6 2.53 0.76 27.1 0.112 0.384 0.024 0.508 1.5 0.291 
New 4° 2.70 0.81 28.6 2.70 0.81 28.3 -0.010 0.784 0.000 0.967 -0.4 0.610 
New 20° 2.00 0.68 18.5 2.55 0.78 26.4 0.550 9.3E-03 0.094 0.059 7.9 8.5E-05 
New 50° 2.74 0.82 28.3 2.73 0.81 29.3 -0.008 0.841 -0.011 0.348 1.0 0.165 
Return 4° 2.52 0.78 25.8 2.62 0.80 26.7 0.099 0.340 0.023 0.417 0.9 0.187 
Return 20° 2.54 0.76 28.7 2.60 0.78 28.2 0.057 0.743 0.022 0.591 -0.5 0.773 
Return 50° 2.79 0.82 30.7 2.82 0.82 31.3 0.027 0.397 0.003 0.707 0.6 0.548 
Killed All 1.63 0.48 18.5 1.70 0.51 19.4 0.071 0.925 0.035 0.866 0.9 0.917 
New and Return RAPD PCR results 
 
Mean Shannon Entropy (H), Evenness (J), and Richness (S) Difference 
Incubation 
Temp. (°C) 
New Return Bold values indicate statistical significance 
H J S H J S ΔH p-value ΔJ p-value ΔS p-value 
All 2.62 0.79 27.4 2.34 0.70 25.3 -0.288 0.025 -0.092 0.010 -2.1 0.131 
Aerobic 4° 2.70 0.81 28.6 2.52 0.78 25.8 -0.183 0.089 -0.032 0.255 -2.8 1.4E-03 
Aerobic 20° 2.00 0.68 18.5 2.54 0.76 28.7 0.540 0.013 0.072 0.148 10.2 3.9E-05 
Aerobic 50° 2.74 0.82 28.3 2.79 0.82 30.7 0.050 0.105 -0.005 0.596 2.5 0.013 
Anaerobic 4° 2.70 0.81 28.3 0.82 0.80 26.7 -1.880 0.596 -0.009 0.444 -1.5 0.033 
Anaerobic 20° 2.55 0.78 26.4 2.60 0.78 28.2 0.047 0.772 0.000 0.991 1.8 0.244 
Anaerobic 50° 2.73 0.81 29.3 2.82 0.82 31.3 0.085 0.053 0.009 0.393 2.0 0.042 
Killed All 3.00 0.86 33.4 0.21 0.09 2.8 -2.791 2.0E-06 -0.762 1.8E-05 -30.7 1.9E-06 
Killed Controls RAPD PCR results 
 
Mean Shannon Entropy (H), Eveness (J), and Richness (S) Difference 
Incubation 
X0 X2 No statistical significance 
H J S H J S ΔH p-value ΔJ p-value ΔS p-value 





















Figure H1. DNA concentration plotted with dissolved oxygen.  DO Error bars represent the instrument accuracy 






Figure H2. DNA concentration plotted with dissolved oxygen.  DO Error bars represent the instrument accuracy 




































































Figure H3. DNA concentration plotted with dissolved oxygen.  DO Error bars represent the instrument accuracy 






Figure H4. DNA concentration plotted with dissolved oxygen.  DO Error bars represent the instrument accuracy 





































































Figure H5. DNA concentration plotted with dissolved oxygen.  DO Error bars represent the instrument accuracy 






Figure H6. DNA concentration plotted with dissolved oxygen.  DO Error bars represent the instrument accuracy 









































































Figure H7. DNA concentration plotted with dissolved oxygen.  DO Error bars represent the instrument accuracy 





Figure H8. DNA concentration plotted with dissolved oxygen.  DO Error bars represent the instrument accuracy 





































































Figure H9. DNA concentration plotted with dissolved oxygen.  DO Error bars represent the instrument accuracy 






Figure H10. DNA concentration plotted with dissolved oxygen.  DO Error bars represent the instrument 



































































Figure H11. DNA concentration plotted with dissolved oxygen.  DO Error bars represent the instrument 







Figure H12. DNA concentration plotted with dissolved oxygen.  DO Error bars represent the instrument 






































































Figure H13. DNA concentration plotted with pH. Error bars for pH represent the instrument accuracy of ±0.01 







Figure H14. DNA concentration plotted with pH. Error bars for pH represent the instrument accuracy of ±0.01 






































































Figure H15. DNA concentration plotted with pH. Error bars for pH represent the instrument accuracy of ±0.01 







Figure H16. DNA concentration plotted with pH. Error bars for pH represent the instrument accuracy of ±0.01 



































































Figure H17. DNA concentration plotted with pH. Error bars for pH represent the instrument accuracy of ±0.01 







Figure H18. DNA concentration plotted with pH. Error bars for pH represent the instrument accuracy of ±0.01 






































































Figure H19. DNA concentration plotted with pH. Error bars for pH represent the instrument accuracy of ±0.01 






Figure H20. DNA concentration plotted with pH. Error bars for pH represent the instrument accuracy of ±0.01 






































































Figure H21. DNA concentration plotted with pH. Error bars for pH represent the instrument accuracy of ±0.01 







Figure H22. DNA concentration plotted with pH. Error bars for pH represent the instrument accuracy of ±0.01 




































































Figure H23. DNA concentration plotted with pH. Error bars for pH represent the instrument accuracy of ±0.01 







Figure H24. DNA concentration plotted with pH. Error bars for pH represent the instrument accuracy of ±0.01 
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DNA Concentration with Time  
20ºC Incubation 
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DNA Concentration with Time 
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Figure I1 Dissolved Oxygen data for new fluids comparing Aerobic and Anaerobic 4° incubations with 




Figure I2 Dissolved Oxygen data for new fluids comparing Aerobic and Anaerobic 20° incubations with 
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Figure I3 Dissolved Oxygen data for new fluids comparing Aerobic and Anaerobic 50° incubations with 
trendines. The error bars represent the instrument accuracy of ±0.2 mg/L. 
 
 
Figure I4 Dissolved Oxygen data for return fluids comparing Aerobic and Anaerobic 4° incubations with 
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Figure I5 Dissolved Oxygen data for return fluids comparing Aerobic and Anaerobic 20° incubations with 
trendines. The error bars represent the instrument accuracy of ±0.2 mg/L. 
 
 
Figure I6 Dissolved Oxygen data for return fluids comparing Aerobic and Anaerobic 50° incubations with 
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Figure I7 pH data for new fluids comparing New Aerobic and Anaerobic 4° incubations with trendines. The error 
bars representing the instrument accuracy of ±0.01 is within the marker area. 
 
 
Figure I8 pH data for new fluids comparing New Aerobic and Anaerobic 20° incubations with trendines. The 
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Figure I9 pH data for new fluids comparing New Aerobic and Anaerobic 50° incubations with trendines. The 
error bars representing the instrument accuracy of ±0.01 is within the marker area. 
 
 
Figure I10 pH data for new fluids comparing Return Aerobic and Anaerobic 4° incubations with trendines. The 














pH New Aerobic and Anaerobic 50°C 
Aerobic 50 Anaerobic 50 XNA50














pH Return Aerobic and Anaerobic 4°C 
Aerobic 4 Anaerobic 4 XRA4





Figure I11 pH data for new fluids comparing Return Aerobic and Anaerobic 20° incubations with trendines. The 
error bars representing the instrument accuracy of ±0.01 is within the marker area. 
 
 
Figure I12 pH data for new fluids comparing Return Aerobic and Anaerobic 50° incubations with trendines. The 
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Figure I13 Conductivity data comparing New Aerobic and Anaerobic 4°C. The instrument accuracy of 0.5% of 




Figure I14 Conductivity data comparing New Aerobic and Anaerobic 20°C. The instrument accuracy of 0.5% of 
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Figure I15 Conductivity data comparing New Aerobic and Anaerobic 50°C. The instrument accuracy of 0.5% of 




Figure I16 Conductivity data comparing Return Aerobic and Anaerobic 4°C. The instrument accuracy of 0.5% 
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Figure I17 Conductivity data comparing Return Aerobic and Anaerobic 20°C. The instrument accuracy of 0.5% 
of the conductivity value is within the marker area and the meter’s resolution is 0.01 mS/cm2. 
 
 
Figure I18 Conductivity data comparing Return Aerobic and Anaerobic 50°C.The instrument accuracy of 0.5% 
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Table J1. Major anion (ppm) and cation (ppb) results organized by incubation environment and time. 



































































































































































0 278.49 27.35 1.05 58.15 8.99 73.28 24.92 0.00 0.00 48.14 5.61 1.07 4.69 27.29 1.31 45.13 1159.63 124.33 799.31 
1 274.65 28.78 1.10 51.73 9.34 86.16 12.38 0.00 0.00 22.20 7.10 0.00 2.86 15.34 2.40 52.61 1140.70 136.56 863.86 
2 273.25 28.68 1.11 44.54 7.55 68.68 9.83 0.00 0.00 6.92 4.96 0.00 0.93 16.93 2.00 62.60 975.37 119.71 767.53 
4 275.01 28.82 1.10 43.12 7.72 69.15 8.07 0.00 0.00 7.30 5.72 0.00 6.53 19.36 1.75 48.97 982.89 116.62 750.77 
6 275.53 29.00 1.08 43.17 8.21 60.56 9.26 0.00 0.00 17.37 4.98 0.00 13.74 15.32 1.64 37.42 985.40 119.82 749.31 
14 275.72 29.13 1.19 51.44 8.07 74.24 9.33 0.00 0.00 10.50 4.69 0.00 32.11 20.92 1.61 55.52 1085.05 133.71 847.58 
21 278.46 29.13 1.08 55.37 7.78 65.47 10.52 0.00 0.00 15.49 5.99 0.00 21.59 22.46 1.69 52.68 1058.29 128.87 833.11 
40 290.88 30.35 1.14 61.38 8.06 77.85 28.09 0.00 0.00 14.23 5.81 1.01 15.91 21.91 1.83 51.39 1075.69 134.08 841.97 
Avg 277.75 28.90 1.11 51.11 8.21 71.92 14.05 0.00 0.00 17.77 5.61 0.26 12.30 19.94 1.78 50.79 1057.88 126.71 806.68 
Std Dev 5.61 0.82 0.04 7.01 0.63 7.87 7.83 0.00 0.00 13.31 0.76 0.48 10.71 4.09 0.32 7.40 71.67 7.64 46.12 












0 278.49 27.35 1.05 58.15 8.99 73.28 24.92 0.00 0.00 48.14 5.61 1.07 4.69 27.29 1.31 45.13 1159.63 124.33 799.31 
1 273.21 28.12 1.04 48.25 7.97 77.01 11.74 0.00 0.00 16.82 5.64 0.00 4.29 22.39 1.76 47.15 1242.35 141.44 893.40 
2 278.17 29.11 0.98 49.51 8.87 96.33 8.40 0.00 0.00 10.70 6.38 0.92 5.87 21.40 1.86 40.81 1178.39 139.69 862.23 
4 304.32 31.01 1.16 52.04 7.40 74.72 9.67 0.00 0.00 22.99 6.31 0.92 18.43 23.02 1.88 42.45 1002.81 116.20 728.25 
6 282.83 29.24 1.07 42.29 7.31 67.66 9.77 0.00 0.00 18.80 5.53 0.98 28.77 18.05 2.00 38.43 1055.47 120.61 780.46 
14 287.19 29.78 1.11 54.21 7.86 67.89 9.00 0.00 0.00 24.33 5.52 0.98 50.71 19.15 1.89 46.05 1078.27 124.56 794.86 
21 289.94 30.04 1.07 46.93 7.97 68.78 9.45 0.00 0.00 10.94 5.50 1.05 31.68 28.53 1.86 41.30 1059.11 124.89 796.73 
40 257.79 26.95 1.04 58.53 8.44 76.65 31.04 0.00 0.00 26.13 6.41 1.30 25.51 37.36 2.21 49.11 1096.87 128.21 822.29 
Avg 281.49 28.95 1.07 51.24 8.10 75.29 14.25 0.00 0.00 22.35 5.86 0.90 21.24 24.65 1.85 43.81 1109.11 127.49 809.69 
Std dev 13.51 1.39 0.05 5.62 0.62 9.31 8.68 0.00 0.00 11.91 0.42 0.38 16.29 6.28 0.25 3.63 78.27 8.82 50.58 
 










































































































































































0 278.49 27.35 1.05 58.15 8.99 73.28 24.92 0.00 0.00 48.14 5.61 1.07 4.69 27.29 1.31 45.13 1159.63 124.33 799.31 
1 272.01 28.68 1.13 46.65 8.27 63.23 10.84 0.00 0.00 37.96 2.35 1.55 0.00 20.04 3.13 40.80 903.49 110.07 687.99 
2 307.90 32.67 1.23 52.60 9.13 70.80 11.03 0.00 0.00 28.03 3.05 1.65 7.25 24.62 3.54 36.27 882.17 110.23 687.40 
4 273.54 28.72 1.08 57.89 9.21 74.07 10.95 0.00 0.00 29.06 2.85 1.66 29.52 25.08 3.38 70.04 1064.24 123.89 789.73 
6 369.06 37.06 1.46 62.98 12.78 99.58 10.32 0.00 0.00 21.20 3.70 1.91 46.30 19.01 3.64 48.07 1412.36 171.53 1088.78 
14 321.03 33.72 1.34 55.36 8.92 70.92 10.24 0.00 0.00 31.08 2.86 1.63 26.26 22.13 3.25 33.26 875.66 104.44 660.60 
21 300.61 31.76 1.22 62.78 9.55 75.70 11.99 0.00 1.10 37.05 3.31 1.85 17.31 26.81 3.88 39.85 957.04 118.03 740.47 
40 313.77 32.91 1.28 65.41 9.05 73.04 11.13 0.00 1.26 37.53 2.89 1.67 0.00 23.42 3.85 37.19 985.28 119.72 753.80 
Avg 304.55 31.61 1.22 57.73 9.49 75.08 12.68 0.00 0.30 33.76 3.33 1.62 16.42 23.55 3.25 43.83 1029.98 122.78 776.01 
Std dev 32.17 3.21 0.14 6.18 1.38 10.59 4.98 0.00 0.55 8.19 1.00 0.25 16.58 3.00 0.83 11.62 182.51 20.93 135.87 













0 278.49 27.35 1.05 58.15 8.99 73.28 24.92 0.00 0.00 48.14 5.61 1.07 4.69 27.29 1.31 45.13 1159.63 124.33 799.31 
1 283.84 28.06 1.14 46.40 7.58 69.95 11.42 0.00 0.00 22.77 4.65 0.00 5.99 19.86 1.76 38.23 961.63 115.95 740.74 
2 267.64 27.30 1.07 47.66 7.11 68.94 9.47 0.00 0.00 9.85 5.57 0.00 10.55 19.71 1.69 65.85 1067.23 132.17 814.14 
4 283.59 28.67 1.12 43.26 7.78 71.25 7.00 0.00 0.00 8.07 5.11 0.00 35.69 18.97 1.49 44.22 1020.09 123.57 783.32 
6 268.49 27.66 1.08 45.86 6.88 62.63 8.93 0.00 0.00 17.25 5.72 1.32 54.78 15.94 1.47 34.64 883.19 106.89 686.67 
14 258.94 25.73 0.99 49.12 7.30 72.92 8.53 0.00 0.00 9.49 5.55 0.00 62.25 23.55 1.39 53.37 996.02 120.19 747.14 
21 257.30 26.19 1.01 55.03 9.70 75.91 14.25 0.00 0.00 14.88 4.57 2.44 27.10 28.54 3.62 46.30 1027.93 126.43 802.44 
40 274.33 26.80 0.92 59.36 8.34 66.05 27.26 0.00 1.51 19.58 2.93 1.83 68.86 26.63 3.12 45.45 859.97 107.72 676.42 
Avg 271.58 27.22 1.05 50.60 7.96 70.12 13.97 0.00 0.19 18.75 4.96 0.83 33.74 22.56 1.98 46.65 996.96 119.66 756.27 
Std dev 10.27 0.96 0.07 6.07 0.98 4.25 7.81 0.00 0.53 12.97 0.93 0.98 25.88 4.60 0.88 9.55 96.99 8.94 52.93 
 










































































































































































0 278.49 27.35 1.05 58.15 8.99 73.28 24.92 0.00 0.00 48.14 5.61 1.07 4.69 27.29 1.31 45.13 1159.63 124.33 799.31 
1 277.88 29.41 1.12 77.63 8.12 68.17 1.13 2.92 1.49 31.77 3.83 0.00 4.26 6.46 1.77 33.02 879.75 105.77 683.75 
2 294.91 31.18 1.22 59.70 10.95 91.81 11.96 2.34 1.03 8.78 4.47 1.13 5.33 22.79 2.02 34.03 917.34 109.68 704.22 
4 268.49 28.35 1.09 60.63 10.73 88.23 11.58 1.89 1.09 13.78 5.07 1.25 7.54 27.45 2.25 54.05 1104.61 136.53 857.11 
6 303.44 32.08 1.26 63.80 11.92 97.42 12.52 1.88 0.99 21.25 5.24 1.16 7.93 17.10 2.29 44.85 1095.66 130.70 820.48 
14 343.67 36.01 1.37 77.21 13.23 114.35 13.28 2.05 1.34 14.65 5.99 1.23 5.92 21.83 2.36 47.84 1096.99 133.14 872.97 
21 371.06 38.62 1.47 87.42 15.44 128.53 14.01 1.74 1.50 36.43 7.34 0.00 8.27 14.02 3.22 57.39 1343.92 162.60 1022.15 
40 530.43 54.67 2.03 101.18 16.57 139.11 38.30 1.62 2.44 38.19 7.97 0.00 8.84 14.31 3.88 77.38 1508.04 180.32 1166.81 
Avg 333.55 34.71 1.33 73.22 11.99 100.11 15.96 1.80 1.23 26.62 5.69 0.73 6.60 18.91 2.39 49.21 1138.24 135.38 865.85 
Std 
dev 87.04 8.92 0.32 15.47 2.95 25.32 11.07 0.84 0.68 14.01 1.39 0.61 1.76 7.27 0.81 14.21 206.94 25.21 160.76 













0 278.49 27.35 1.05 58.15 8.99 73.28 24.92 0.00 0.00 48.14 5.61 1.07 4.69 27.29 1.31 45.13 1159.63 124.33 799.31 
1 250.42 26.03 1.00 39.96 8.07 62.06 9.97 0.00 0.00 6.24 2.40 1.45 0.00 21.21 3.21 36.96 903.68 110.03 689.02 
2 253.07 26.33 1.01 55.70 9.61 78.05 11.29 18.39 1.26 15.93 3.58 1.17 10.03 28.03 1.40 33.66 790.17 97.48 586.46 
4 268.28 27.95 1.12 46.82 9.26 74.55 11.21 7.63 1.27 12.91 3.79 1.10 13.30 27.01 1.48 32.38 792.68 96.72 612.15 
6 269.35 27.77 1.09 52.98 9.90 81.24 12.24 5.66 1.30 31.70 4.56 1.35 64.73 22.04 1.73 32.82 882.11 109.25 700.06 
14 247.33 24.99 0.86 68.19 10.52 89.81 11.82 4.40 1.32 19.97 4.51 1.26 41.47 26.54 1.80 32.92 879.78 106.50 677.78 
21 281.27 28.96 1.06 64.31 10.14 84.58 12.42 3.67 1.40 18.35 4.34 1.21 5.79 27.33 1.85 39.19 911.51 112.12 700.69 
40 259.35 27.08 1.06 79.75 11.51 96.61 40.62 3.76 2.64 22.00 5.12 1.54 48.03 36.23 2.34 47.58 1090.73 133.77 843.48 
Avg 263.44 27.06 1.03 58.23 9.75 80.02 16.81 5.44 1.15 21.91 4.24 1.27 23.51 26.96 1.89 37.58 926.29 111.27 701.12 
Std 
dev 12.85 1.25 0.08 12.52 1.04 10.66 10.73 5.84 0.85 12.89 0.99 0.17 24.29 4.55 0.63 5.94 132.40 12.58 85.91 
 











































































































































































0 294.60 28.17 1.14 24.37 5.33 47.93 1.81 0.00 0.00 15.62 3.72 10.36 3.50 3.50 2.08 45.31 1138.67 131.38 738.61 




data 59.26 8.28 74.04 2.79 0.00 1.14 37.76 5.65 20.44 13.39 6.49 2.84 43.69 1137.74 138.86 803.52 
2 312.28 31.56 1.23 30.39 7.03 60.48 8.18 0.00 0.00 11.11 4.52 15.72 1.46 10.63 2.13 39.86 958.61 115.58 649.39 
4 280.49 28.41 1.13 36.88 8.99 76.39 9.40 0.00 0.00 6.05 4.99 19.60 1.42 14.41 2.34 46.82 1033.41 127.80 723.95 
6 275.19 27.59 1.10 51.43 9.69 83.29 11.13 0.00 0.00 27.23 5.56 22.23 2.26 18.40 2.42 38.64 1020.61 124.79 701.57 
14 301.97 29.24 1.17 37.01 8.63 73.83 9.97 0.00 0.00 9.39 4.85 19.67 1.85 15.89 2.20 44.82 1140.44 140.37 783.62 
21 317.85 32.17 1.26 39.45 9.23 81.53 9.84 0.00 0.00 8.34 5.15 22.10 1.99 17.85 2.24 40.28 957.98 112.26 673.86 
40 313.65 30.22 1.20 66.58 9.61 87.78 27.64 0.00 0.00 14.52 6.81 25.49 1.83 20.32 1.59 48.12 1203.14 141.69 784.55 
Avg 299.43 29.62 1.17 43.17 8.35 73.16 10.10 0.00 0.14 16.25 5.16 19.45 3.46 13.44 2.23 43.44 1073.83 129.09 732.38 
Std 
dev 16.75 1.75 0.06 14.56 1.49 13.07 7.88 0.00 0.40 10.87 0.90 4.61 4.06 6.02 0.35 3.48 93.05 11.16 55.78 














0 294.60 28.17 1.14 24.37 5.33 47.93 1.81 0.00 0.00 15.62 3.72 10.36 3.50 3.50 2.08 45.31 1138.67 131.38 738.61 
1 321.71 31.35 1.25 35.07 7.81 67.60 8.94 0.00 0.00 14.70 4.78 17.22 2.82 15.30 2.23 46.60 981.32 121.78 635.04 
2 314.36 30.80 1.22 35.03 8.49 73.16 10.06 0.00 0.00 13.36 5.23 19.26 3.47 14.51 2.37 54.38 1132.90 139.54 747.16 
4 300.88 29.29 1.16 36.32 8.76 77.16 9.73 0.00 0.00 4.74 5.27 21.36 1.60 16.08 2.41 43.69 1077.13 127.06 713.12 
6 271.74 26.59 1.04 40.66 9.35 84.22 10.57 0.00 0.00 6.99 5.89 23.06 1.70 18.38 2.61 34.13 811.38 110.05 551.66 
14 313.62 30.59 1.18 40.85 7.11 65.38 1.94 0.00 0.00 14.90 4.74 18.41 1.56 8.27 2.23 39.98 1060.75 125.04 671.30 
21 278.53 27.27 1.06 38.71 8.90 86.92 9.52 0.00 0.00 8.47 5.37 21.21 2.03 14.68 2.42 47.32 1073.62 129.27 728.10 
40 301.36 29.25 1.12 51.98 9.20 90.25 11.01 0.00 0.00 39.17 5.61 24.74 9.23 16.07 2.72 54.07 1196.80 147.71 812.56 
Avg 299.60 29.16 1.15 37.87 8.12 74.08 7.95 0.00 0.00 14.74 5.08 19.45 3.24 13.35 2.38 45.68 1059.07 128.98 699.69 
Std 
dev 17.54 1.72 0.07 7.72 1.35 13.84 3.80 0.00 0.00 10.68 0.67 4.42 2.55 4.92 0.21 6.76 118.74 11.32 79.64 
 










































































































































































0 294.60 28.17 1.14 24.37 5.33 47.93 1.81 0.00 0.00 15.62 3.72 10.36 3.50 3.50 2.08 45.31 1138.67 131.38 738.61 
1 345.24 34.25 1.38 49.95 7.95 72.33 8.53 0.00 0.00 26.13 5.81 16.61 2.23 7.09 1.25 37.97 919.73 106.12 588.78 
2 345.28 34.93 1.41 70.24 10.81 91.62 9.47 0.00 0.00 19.46 7.66 24.78 0.00 14.12 1.42 48.23 1103.07 131.51 751.61 
4 300.93 30.58 1.24 54.75 8.66 89.65 9.24 0.00 0.00 12.97 5.67 24.90 0.00 14.91 1.83 47.10 1139.59 140.40 729.50 
6 303.29 30.30 1.23 59.94 9.72 88.53 11.42 0.00 0.00 41.40 5.57 25.89 8.56 13.77 1.81 44.86 1155.53 130.92 764.26 
14 328.34 32.01 1.34 57.88 9.07 83.13 11.04 0.00 0.00 16.72 5.52 20.46 5.23 18.01 1.76 35.01 950.10 115.51 613.52 
21 304.50 30.28 1.23 57.65 10.20 87.86 11.26 0.00 0.00 12.10 6.04 18.91 1.89 18.48 1.84 38.13 1145.39 133.28 723.04 
40 319.02 31.71 1.25 75.34 11.85 93.09 30.76 0.00 1.20 17.03 6.80 17.87 3.23 20.52 2.16 55.43 1239.82 151.65 837.55 
Avg 317.65 31.53 1.28 56.27 9.20 81.77 11.69 0.00 0.15 20.18 5.85 19.97 3.08 13.80 1.77 44.00 1098.99 130.10 718.36 
Std dev 20.11 2.22 0.09 15.29 1.99 15.15 8.30 0.00 0.42 9.61 1.13 5.24 2.83 5.82 0.30 6.68 108.71 14.00 80.85 















0 294.60 28.17 1.14 24.37 5.33 47.93 1.81 0.00 0.00 15.62 3.72 10.36 3.50 3.50 2.08 45.31 1138.67 131.38 738.61 
1 296.53 28.42 1.15 58.29 8.51 84.65 10.30 0.00 0.00 26.30 6.85 26.97 0.00 10.22 1.53 23.00 589.70 70.10 383.45 
2 304.31 29.35 1.19 49.54 9.30 83.44 9.18 0.00 0.00 8.41 5.58 24.54 0.00 16.32 1.35 52.96 1080.78 126.44 734.65 
4 299.71 29.16 1.17 50.22 7.09 83.60 8.28 0.00 0.00 8.76 6.27 26.91 18.74 20.18 1.10 49.87 1044.98 123.28 693.89 
6 339.12 32.91 1.27 54.31 9.44 101.25 9.66 0.00 0.00 16.04 5.43 27.46 3.27 9.50 1.30 46.22 1180.90 136.40 798.77 
14 279.58 27.85 1.09 58.84 8.99 112.18 9.71 0.00 0.00 8.32 5.34 33.73 23.25 21.10 1.26 52.21 1092.50 131.19 756.16 
21 309.00 30.82 1.23 62.81 10.06 103.31 9.94 0.00 0.00 12.17 7.33 21.00 0.00 12.74 1.40 49.69 1134.23 131.83 752.24 
40 318.88 31.69 1.28 74.59 9.46 102.06 25.65 0.00 0.00 15.59 7.46 25.54 2.32 20.01 1.59 61.70 1184.01 136.49 790.10 
Avg 305.22 29.80 1.19 54.12 8.52 89.80 10.57 0.00 0.00 13.90 6.00 24.56 6.38 14.20 1.45 47.62 1055.72 123.39 705.98 
Std dev 17.84 1.82 0.07 14.42 1.56 20.08 6.69 0.00 0.00 6.03 1.24 6.75 9.21 6.28 0.30 11.15 194.37 21.99 134.38 
 












































































































































































0 294.60 28.17 1.14 24.37 5.33 47.93 1.81 0.00 0.00 15.62 3.72 10.36 3.50 3.50 2.08 45.31 1138.67 131.38 738.61 
1 300.03 29.20 1.10 49.27 9.11 87.91 11.51 0.00 0.00 19.16 5.16 17.22 3.85 9.10 1.89 35.96 897.34 109.51 604.55 
2 307.99 30.74 1.24 76.81 11.74 106.21 11.88 0.00 0.00 34.44 6.91 23.91 2.30 20.19 2.35 56.03 1208.44 148.11 844.64 
4 317.62 31.53 1.24 54.36 10.12 92.31 10.85 0.00 0.00 7.38 5.89 19.60 1.64 15.10 1.98 39.53 1023.44 118.72 690.10 
6 317.65 31.77 1.26 65.77 12.48 103.18 13.20 0.00 0.00 21.29 6.81 20.07 2.75 13.00 2.49 44.69 1265.82 146.58 824.04 
14 383.14 37.61 1.47 66.30 12.55 94.04 11.85 0.00 0.00 9.54 6.99 15.33 1.95 14.96 2.47 47.88 1257.51 147.44 889.92 
21 396.60 38.61 1.52 57.43 10.55 73.94 8.82 0.00 0.00 25.64 8.52 12.97 3.75 9.84 2.76 41.03 1310.90 149.55 866.03 
40 500.33 49.85 1.95 98.12 16.84 116.07 33.42 0.00 1.15 33.79 9.87 15.40 5.72 13.68 3.24 55.68 1677.08 207.65 1149.74 
Avg 352.25 34.69 1.36 61.55 11.09 90.20 12.92 0.00 0.14 20.86 6.73 16.86 3.18 12.42 2.41 45.76 1222.40 144.87 825.95 
Std 
dev 70.97 7.18 0.28 21.42 3.29 21.28 9.02 0.00 0.41 10.11 1.91 4.30 1.32 4.97 0.45 7.24 229.95 29.52 163.01 















0 294.60 28.17 1.14 24.37 5.33 47.93 1.81 0.00 0.00 15.62 3.72 10.36 3.50 3.50 2.08 45.31 1138.67 131.38 738.61 
1 313.55 32.61 1.22 54.94 10.23 94.67 12.68 0.00 0.00 7.21 6.31 24.55 2.51 18.23 2.10 71.11 1312.61 134.27 736.45 
2 283.51 28.34 1.10 53.82 9.60 93.01 11.13 0.00 0.00 9.44 5.67 24.23 4.52 16.54 1.88 42.39 982.76 121.10 696.23 
4 291.25 29.29 1.13 51.90 9.31 92.84 10.61 0.00 0.00 11.59 5.14 26.60 35.96 18.70 1.93 58.63 1062.54 126.69 689.79 
6 293.64 28.37 1.14 83.04 12.17 123.55 15.09 0.00 0.00 54.63 7.95 34.12 32.00 17.20 2.44 38.06 959.77 124.78 631.03 
14 304.63 30.75 1.20 56.48 10.16 97.08 11.87 0.00 0.00 9.75 5.99 24.05 3.76 15.96 2.01 38.99 896.50 106.40 639.60 
21 287.53 28.69 1.16 67.96 11.45 103.12 14.07 0.00 0.00 26.17 6.74 13.55 3.73 12.96 2.29 46.25 1159.46 136.51 781.35 
40 333.65 31.54 1.36 62.64 9.28 92.71 28.68 0.00 1.03 25.75 5.40 18.31 2.60 16.62 1.96 42.94 1027.61 115.54 683.05 
Avg 300.29 29.72 1.18 56.89 9.69 93.11 13.24 0.00 0.13 20.02 5.87 21.97 11.07 14.96 2.09 47.96 1067.49 124.58 699.51 
Std 



























































































Incubation Day and Environment 
Chloride Concentration New Fluids 














































































Incubation Day and Environment 
Chloride Concentration Return Fluids 


























































































Incubation Day and Environment 
Sulfate Concentration New Fluids 













































































Incubation Day and Environment 
Sulfate Concentration Return Fluids 
























































































Incubation Day and Environment 
Bromide Concentration New Fluids 












































































Incubation Day and Environment 
Bromide Concentration Return Fluids 







Figure J7. Thallium ion concentrations (ppb) for new drilling fluids organized by incubation environment. 
 
 













































































Incubation Day and Environment 
Thallium Concentration New Fluids 


















































































Incubation Day and Environment 
Thallium Concentration Return Fluids 
Aerobic 4° Anaerobic 4° Aerobic 20° Anaerobic 20° Aerobic 50° Anaerobic 50° 

























































































Incubation Day and Environment 
Boron Concentration New Fluids 













































































Incubation Day and Environment 
Boron Concentration Return Fluids 

























































































Incubation Day and Environment 
Rubidium Concentration New Fluids 













































































Incubation Day and Environment 
Rubidium Concentration Return Fluids 





























































































Incubation Day and Environment 
Strontium Concentration New Fluids 


















































































Incubation Day and Environment 
Strontium Concentration Return Fluids 























































































Incubation Day and Environment 
Barium Concentration New Fluids 












































































Incubation Day and Environment 
Barium Concentration Return Fluids 























































































Incubation Day and Environment 
Lead Concentration New Fluids 












































































Incubation Day and Environment 
Lead Concentration Return Fluids 





























































































Incubation Day and Environment 
Aluminium Concentration New Fluids 

















































































Incubation Day and Environment 
Aluminium Concentration Return Fluids 


























































































Incubation Day and Environment 
Vanadium Concentration New Fluids 















































































Incubation Day and Environment 
Vanadium Concentration Return Fluids 
































































































Incubation Day and Environment 
 Manganese Concentration New Fluids 




















































































Incubation Day and Environment 
 Manganese Concentration Return Fluids 


























































































Incubation Day and Environment 
 Iron Concentration New Fluids 














































































Incubation Day and Environment 
 Iron Concentration Return Fluids 






















































































Incubation Day and Environment 
 Zinc Concentration New Fluids 










































































Incubation Day and Environment 
 Zinc Concentration Return Fluids 























































































Incubation Day and Environment 
 Aresnic Concentration New Fluids 











































































Incubation Day and Environment 
 Aresnic Concentration Return Fluids 




























































































Incubation Day and Environment 
 Calcium Concentration New Fluids 
















































































Incubation Day and Environment 
 Calcium Concentration Return Fluids 


























































































Incubation Day and Environment 
 Sodium Concentration New Fluids 














































































Incubation Day and Environment 
 Sodium Concentration Return Fluids 





























































































Incubation Day and Environment 
Magnesium Concentration New Fluids 

















































































Incubation Day and Environment 
Magnesium Concentration Return Fluids 



























































































Incubation Day and Environment 
Potassium Concentration New Fluids 

















































































Incubation Day and Environment 
Potassium Concentration Return Fluids 




















Table K1. The Biolog™ plate incubation temperature for individual fluid types the depth 
fluid will circulate for new fluids and depth the fluid did circulate for return fluids is listed. 
Individual Fluid Types and Biolog™ Incubation Temperature 






































































Figure K1. PCA Plot of first three principal components for individual samples 1-14. The 
aerobic samples are indicated with unfilled markers while the samples that were incubated 
anaerobically are indicated with filled markers. All return fluid samples are indicated with 
filled or unfilled triangle markers. The Biolog™ plates for samples 1-8 (green or orange 






Figure K2. The Shannon-Weaver indices for entropy (H) for each incubation were calculated 
were calculated using the formula: 𝐻 = − ∑ 𝑝i(ln pi) where pi is the ratio of the amount of 




Figure K3. Species richness (S) is the total number of carbon substrates utilized in each 
sample 
























Entropy Samples 1-14 
Aerobic
Anaerobic

































Figure K4. Pielou’s evenness index (J) is a measure the relative abundance of different 
species in a community.  The quotient will give a value between zero (0) and one (1).  Higher 
J values indicate more variation in substrate utilization. Sample evenness was calculated using 
the formula: 𝐽 =
𝐻
𝐻max
 , Where H is the Shannon-Weaver indices for entropy and Hmax is the 
maximum value of entropy calculated by: ln S.   
 
































Table K2. Mean H, J and S comparisons for Biolog™ plates read at day ten. The p-values in bold indicate results that are 
statistically significant found using a two tailed t-test assuming unequal variance (α =0.05).  
Biolog™ Day 10 Samples 1-14 
Mean Shannon Entropy (H), Evenness (J), and Richness (S) 
Aerobic Anaerobic 
Difference 
No statistical significance found 
H J S H J S ΔH p-value ΔJ p-value ΔS p-value 
2.597 0.777 28.4 2.289 0.707 26.1 0.309 0.051 0.069 0.073 2.286 0.218 
                        
New Aerobic Return Aerobic 
Difference 
Bold values indicate statistical significance 
H J S H J S ΔH p-value ΔJ p-value ΔS p-value 
2.494 0.753 27.5 2.856 0.836 30.5 0.362 0.047 0.083 0.083 3.000 0.005 
                        
New Anaerobic Return Anaerobic 
Difference 
No statistical significance found 
H J S H J S ΔH p-value ΔJ p-value ΔS p-value 
2.382 0.710 28.5 2.055 0.701 20.0 0.327 0.141 0.009 0.849 8.500 0.127 
Aerobic 4°C Incubation Aerobic 20°C Incubation 
Difference 
No statistical significance found 
H J S H J S ΔH p-value ΔJ p-value ΔS p-value 
2.516 0.755 28.0 2.678 0.798 28.7 0.162 0.339 0.044 0.316 0.714 0.621 




Bold values indicate statistical significance 
H J S H J S ΔH p-value ΔJ p-value ΔS p-value 







Figure K5. Cluster Analysis (SAS 4.3) for Biolog™ aerobic samples. 
 






Figure K6. Cluster Analysis (SAS 4.3) for Biolog™ anaerobic samples 
 
  






RAPD PCR Results Individual Fluid Samples  
RAPD-PCR Primer 1344 
 
PC 1 2 3 4 5 6 7 8 9 10 11 12 13 14 PC NC 
 






RAPD-PCR Primer 2817 
 
PC 1 2 3 4 5 6 7 PC 8 9 10 11 12 13 14 NC 
 








PC 1 2 3 4 5 6 7 8 9 10 11 12 13 14 PC NC 
 







Table K3. Entropy (H), evenness (J) and richness (S) values for RAPD-PCR results. 
Sample ID H J S 
1N 2.730 0.838 26 
2N 2.718 0.831 26 
3N 2.383 0.728 26 
4N 2.661 0.830 25 
5R 2.602 0.767 30 
6N 2.534 0.775 26 
7N 2.671 0.808 27 
8N 2.642 0.790 28 
9N 2.627 0.794 27 
10N 2.344 0.719 26 
11N 2.408 0.728 27 
12R 2.748 0.837 27 
13R 2.627 0.760 32 
14R 2.755 0.833 27 
Mean 2.604 0.788 27 
Stand. dev. 0.036 0.043 0.464 
Range 0.410 0.118 7.000 
Min. 2.344 0.719 24.667 
Max. 2.755 0.838 31.667 
New Fluid Only 
Mean 2.572 0.784 27 
Stand. dev. 0.046 0.014 0.321 
Range 0.386 0.118 3.667 
Min. 2.344 0.719 24.667 
Max. 2.730 0.838 28.333 
Return Fluid Only 
Mean 2.683 0.799 29 
Stand. dev. 0.040 0.041 1.143 
Range 0.153 0.077 5.000 
Min. 2.602 0.760 26.667 







Figure K10. The Shannon-Weaver indices for entropy (H), or diversity, for each incubation 
were calculated were calculated using the formula: 𝑯 = − ∑ 𝒑i(ln pi) where pi is the ratio of 
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Figure K11. Pielou’s evenness index (J) is a measure the relative abundance of different 
species in a community.  The quotient will give a value between zero (0) and one (1).  Higher 
J values indicate more variation in relative abundance of bands, present in the community. 
Sample evenness was calculated using the formula: 𝑱 =
𝑯
𝑯max
 , Where H is the Shannon-
Weaver indices for entropy and Hmax is the maximum value of entropy calculated by: ln S.   
 
Figure K12. Species richness (S) calculated from the total number of bands present in each 
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Richness (S)                 New Fluid 





Table K4: Statistical significance was tested by using a two tailed t-test assuming unequal 
variance (Microsoft® Excel 20ish something, Microsoft Incorporated) using the mean 
entropies, evenness and richness from RAPD-PCR results . No Statistical difference between 
the means was found. 
  
      
 
RAPD PCR Samples 1-14 
 
 














2.572 2.683 0.309 0.097 
  









0.784 0.799 0.069 0.565 
  









26.6 28.8 2.3 0.156 
  
         
 
 
3.3.3 PLFA Results Individual Fluid Samples 
 PLFA analysis can be used to quantify the viable biomass and characterize the 
microbial communities (Andreas Gattinger 2002). PLFA analysis was completed for the 






Figure K13. Relative abundance of PLFA found. Uncirculated drilling fluid is indicated with 
an ‘N’ in the sample ID, while return fluid samples that have been circulated at depth are 
indicated with an ‘R’ in the sample ID. 
 








































Figure K14. Estimated total biomass for individual fluid samples from PLFA data. 
 
Figure K15. Dissolved Oxygen from the individual fluid samples. The error bars represent 
the instrument accuracy of 0.2 mg/L, 
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Figure K16: The pH results for individual fluid samples. The error bars represent the 
instrument accuracy of 0.01.   
 
 
Figure K17. The conductivity measurements of the individual fluid samples. The error bars 
represent the instrument accuracy of 0.5%.of the conductivity value and the meter’s resolution 
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Ion Concentration Results Individual Fluid Samples 
 
Figure K18. Chloride concentrations for individual fluid samples. New fluid depths are the 
depths the fluid will be circulated in the subsurface. Return fluid depths are the actual depths 
at which those fluids did circulate. Error bars represent the maximum percent variation 
detected from known standard concentrations. 
 
Figure K19. Sulfate concentrations for individual fluid samples. New fluid depths are the 
depths the fluid will be circulated in the subsurface. Return fluid depths are the actual depths 
at which those fluids did circulate. Error bars represent the maximum percent variation 
detected from known standard concentrations. 

























Chloride Concentration New and Return Fluids by Depth 
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Sulfate Concentration New and Return Fluids by Depth 
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Figure K20. Bromide concentrations for individual fluid samples. New fluid depths are the 
depths the fluid will be circulated in the subsurface. Return fluid depths are the actual depths 
at which those fluids did circulate. Error bars represent the maximum percent variation 
detected from known standard concentrations. 
 
 
Figure K21. Boron concentrations for individual fluid samples. New fluid depths are the 
depths the fluid will be circulated in the subsurface. Return fluid depths are the actual depths 
at which those fluids did circulate. Error bars represent 3σ. 

























Bromide Concentration New and Return Fluids by Depth 
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Boron Concentration New and Return Fluids by Depth 
           New fluid 
 






Figure K22. Rubidium concentrations for individual fluid samples. New fluid depths are the 
depths the fluid will be circulated in the subsurface. Return fluid depths are the actual depths 
at which those fluids did circulate. Error bars represent 3σ. 
 
 
Figure K23. Strontium concentrations for individual fluid samples. New fluid depths are the 
depths the fluid will be circulated in the subsurface. Return fluid depths are the actual depths 
at which those fluids did circulate. Error bars represent 3σ. 
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Strontium Concentration New and Return Fluids by Depth 
           New fluid 
 






Figure K24. Barium concentrations for individual fluid samples. New fluid depths are the 
depths the fluid will be circulated in the subsurface. Return fluid depths are the actual depths 
at which those fluids did circulate. Error bars represent 3σ. 
 
 
Figure K25. Aluminum concentrations for individual fluid samples. New fluid depths are the 
depths the fluid will be circulated in the subsurface. Return fluid depths are the actual depths 
at which those fluids did circulate. Error bars represent 3σ. 
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Aluminum Concentration New and Return Fluids by Depth 
           New fluid 
 






Figure K26. Vanadium concentrations for individual fluid samples. New fluid depths are the 
depths the fluid will be circulated in the subsurface. Return fluid depths are the actual depths 
at which those fluids did circulate. Error bars represent 3σ. 
 
 
Figure K27. Manganese concentrations for individual fluid samples. New fluid depths are the 
depths the fluid will be circulated in the subsurface. Return fluid depths are the actual depths 
at which those fluids did circulate. Error bars represent 3σ. 
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Manganese Concentration New and Return Fluids by Depth 
           New fluid 
 






Figure K28. Iron concentrations for individual fluid samples. New fluid depths are the depths 
the fluid will be circulated in the subsurface. Return fluid depths are the actual depths at 
which those fluids did circulate. Error bars represent 3σ. 
 
 
Figure K29. Zinc concentrations for individual fluid samples. New fluid depths are the depths 
the fluid will be circulated in the subsurface. Return fluid depths are the actual depths at 
which those fluids did circulate. Error bars represent 3σ. 
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Zinc Concentration New and Return Fluids by Depth 
           New fluid 
 






FigureK30. Calcium concentrations for individual fluid samples. New fluid depths are the 
depths the fluid will be circulated in the subsurface. Return fluid depths are the actual depths 
at which those fluids did circulate. Error bars represent 3σ. 
 
 
Figure K31. Sodium concentrations for individual fluid samples. New fluid depths are the 
depths the fluid will be circulated in the subsurface. Return fluid depths are the actual depths 
at which those fluids did circulate. Error bars represent 3σ. 
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Sodium Concentration New and Return Fluids by Depth 
           New fluid 
 






Figure K32. Magnesium concentrations for individual fluid samples. New fluid depths are 
the depths the fluid will be circulated in the subsurface. Return fluid depths are the actual 




Figure K33. Potassium concentrations for individual fluid samples. New fluid depths are the 
depths the fluid will be circulated in the subsurface. Return fluid depths are the actual depths 
at which those fluids did circulate. Error bars represent 3σ. 
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Potassium Concentration New and Return Fluids by Depth 
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3.4.3 Carbon and Nitrogen Results Individual Fluid Samples 
 
 The results for total percent carbon and nitrogen do not indicate differences between 
the New and Return fluids.  Samples were run to determine the possibility of use of this 
technique during the biodegradation experiment. Unfortunately, because of equipment issues 
it was not possible to use during that portion of the project. Note that no replicates were run 
for percent carbon and nitrogen. 
 











































































































Initial Set up for Biodegradation 
Materials  
2 Autoclaved 5 liter carboy     
3 100mL sterilized pipettes (and Pump for pipetteing) 
28 sterile 5mL pipettes 
1mL Pipette tips (Blue) 
154 Appropriately labeled 50mL tubes (Table L1 for labeling instructions) 
28 15mL centrifuge tubes with 4mL autoclaved buffer   
76 sterilized ependorff tubes  
28 4mL vials  
28 0.22µm Millipore Filters and filter casing 
1% Nitric Acid Solution 
Calibrated DO, pH, and EC meters 
3 Anaerobic Chambers 


























 Make sure each incubation area is ready for samples and is at proper temperature. (4°C, 25°C, 
50°C) 
 Thaw samples in room temperature water bath 
 Prepare work area:  Wipe down Bio-hood with 70% ethanol. Turn on UV light for ~10 
minutes (Do not place samples in hood while UV light is on. It will sterilize sample). 
NEW RETURN 
Label Number  
of Tubes 
Label Number 
 of Tubes 
N T₀ 2  R  T₀ 2  
AN 4º N 10  AN 4º R 10  
AN 25º N 10  AN 25º  R 10  
AN 50º N 10  AN 50º R 10  
A 4º N 10  A 4º 10  
A 25º N 10   A 25º 10  
A 50º N 10  A 50º 10  
X  A 4º N 2  X  A 4º R 2  
X A 25º N 2  X A 25º R 2  
X  A 50º N 2  X  A 50º R 2  
X  AN 4º N 2  X  AN 4º R  2  
X AN 25º N 2  X AN 25º R 2  
X  AN 50º N          2  X  AN 50º R 2  
X  N T₀ 2  X R T₀ 2   








NEW DRILL FLUID  
1. Turn UV light off, turn regular light on. Turn Blower on. 
2. In the bio hood, empty tubes containing NEW drilling fluid into an autoclaved carboy.  
3. Mix samples until homogenized by shaking. Record amount of time shaken.  
4. Tubes should be labeled according to chart on page 3 for NEW drilling fluid. 
5. For two T₀ New and X T₀  tubes put 30mL in each (needed 20mL more to make up for 6 
biolog incubations).  
6. Pipette 40mL of fluid into the rest of the sterile 50mL centrifuge tubes for a total of 76 tubes 
of New Fluid. 
7. Place any remaining fluid in 50mL tubes. Label for future gas study and place in -70ºC.  
8. For 14 (2 30mL X N T₀) tubes, autoclave after adding drilling fluid to use as killed control 
sample.  
9. Place caps on tubes, slightly turn to attach but DO NOT turn all the way.  
 
RETURN DRILL FLUID  
1. In the bio hood, empty tubes containing RETURN drilling fluid into an autoclaved carboy.  
2. Mix samples until homogenized by shaking. 
3. Tubes should be labeled according to chart on page 3 for return drilling fluid. 
4. For two T₀ Return and X T₀  tubes put 30mL in each (to make up for 6 biolog incubations).  
5. Pipette 40mL of fluid into the rest of the sterile 50mL centrifuge tubes for a total of 76 tubes 
of Return Fluid. 
6. Place any remaining fluid in 50mL tubes. Label for future gas study and place in -70ºC.  
7. For 14 (2 30mL X R T₀) tubes labeled X R, autoclave after adding drilling fluid to use as 
killed control sample.  
8. Place caps on tubes, slightly turn to attach. Place tape over the cap to secure to tube.  
 
ALTOGETHER NOW 
1. Place 10 sample tubes containing NEW drill fluid and 2 killed NEW control sample into each 
anaerobic chamber (3). 
2. Place 10 sample tubes containing RETURN drill fluid and 2 killed RETURN control sample 
into each anaerobic chamber (3). 
3. Reserve the two T₀ NEW and the two T₀ RETURN tube, and 1 killed NEW and 1 killed 
RETURN out for initial analysis. 
4. Place 2 BD GasPak EZ packets in each anaerobic chamber securing with labeling tape to the 
inside wall of the chamber. 
5. Place each chamber as follows: 
6. 4°C fridge in 411 lab 
7. Room Temp. in 411 lab 
8. 50°C in incubator in 411 lab 
9. Place aerobic samples next to chambers.  
 
 






1. Put on gloves and rub with 70% ethanol while wiping down 50-200µl pipette handle with 
ethanol. 
2. Working inside the Biohood (UV light off) quickly transfer 0.6mL of samples to each labeled 
eppendorf tube for later DNA analysis.  Place eppendorf tubes in -70º freezer. 
3. Quickly add 4ml drilling fluid into six 15mL centrifuge tube that contains sterile buffer for 
BIOLOG analysis  
4. Measure DO then pH and finally EC according to SOPs. Record results. 
5. Remove, filter and dilute 2mL according to ICPMS and Dionex SOP.  
6. Divide remaining sample up between four 15mL centrifuge tubes to be freeze dried for total 
carbon and nitrogen analysis. Place in -70º C freezer. 
7. Pipette Biolog samples into labeled plates. 
8. Add Biolog plates to the proper incubation area and add new gaspacks to chambers. 
 
Sampling Days 0,1,2,3,4,6,14,25,40,90, and 120  
Materials 
(12) 15mL centrifuge tubes (ICPMS)  
(12) 15 mL centrifuge tubes containing 4mL autoclaved buffer (Biolog) 
(36) eppendorf tubes (DNA) 
(12) 4mL vials (Dionex) 
1% Nitric Acid solution (Dilution for ICPMS) 
(12) Biolog Plates 
0.22µL Millipore filter 





1. Label tubes as listed on page 2 
2. Wipe down all surfaces of the bio hood with 70% ethanol.  
3. Turn on the UV light for ~10 minutes and the fan DO NOT PLACE SAMPLES IN HOOD 
WHEN UV LIGHT IS ON‼! 
4. Turn OFF UV light and turn on blower. 
5. Remove sample from incubation area. Work with one sample at a time. 
6. Put on gloves and rub with 70% ethanol while wiping down 50-200µl pipette handle with 
ethanol. 
7. Working inside the Biohood quickly transfer 0.6mL (600µL) of samples to each labeled 
ependorf tube for later DNA analysis. Place eppendorf tubes in -70ºC freezer. 
8. Quickly transfer 4ml into properly labeled 15mL centrifuge tube containing 4mL autoclaved 
buffer for biolog analysis. Keep in hood for step 13. 
9. Working outside of hood now Measure DO (keep probe in motion while measuring DO), EC 
and pH. Record results. 
10. Remove and filter 1mL according to ICPMS and Dionex procedures. Dilute ICPMS sample 
with 1% Nitric Acid Solution. Freeze remaining portion for Dionex. 
11. Using a clean 10mL pipette divide remaining sample up between four 15mL centrifuge tubes 
to be freeze dried for total carbon and nitrogen analysis. 
12. Place the C & N tubes in the -70ºC for preparation for freeze drying. 
13. Pipette Biolog sample into labeled Biolog plate and place in proper incubation area. 






Labeling For Each Sample 
 Three eppendorf tubes for DNA isolation. Labeled with DNA, sample ID [incubation day, 
anaerobic or aerobic, and temp.] and a,b or c ( Example:  DNA 14 AN 10ºC a). 
 One 15mL centrifuge tube for Biolog. Labeled with BIOLOG and sample ID [incubation day, 
anaerobic or aerobic, and temp.] (BIOLOG 14 DNA 10ºC). 
 One 4mL amber vial for storing Dionex sample Labeled with Dionex, sample ID [incubation 
day, anaerobic or aerobic, and temp.]. Example Dionex 14 AN 10ºC. 
 One 15mL centrifuge tube for ICPMS. Labeled with ICPMS, sample ID. Example [ICPMS 14 









Buffer Salt, dry pH 7.41 (Fisher Scientific Cat. No. B-82 FL-04-0597) 
Following directions on package and autoclaved  
Biolog™ Ecoplate per sample.  
Autoclaved pipette tips (Yellow) for each sample  





 Use sample for Biolog that is dilute 2X (50%).  
 Vortex ~30 sec. 
 Dispense 75µL into each well (96 total) onto room temperature Ecoplate™. Use new tip for 
each sample. 
 Place filled biolog plate into same incubation location the sample originally came out of.  






PLFA Procedure for drilling fluid  
Step 1 Sample Preparation 
Step 2 Extraction of Lipids 
Step 3 Silicic Acid Chromatography 
Step 4 Lipid Methylation 
Step 5 Gas Chromatography (GC) 
Solution Recipes and Glassware Cleaning Instructions 
 
Step 1 Sample Preparation for Freeze drying before PLFA 
 
1. Wipe down all surfaces of the bio hood (rm 411A) with 70% ethanol 
2. Turn on the UV light for ~10 minutes and the fan DO NOT PLACE SAMPLES IN HOOD 
WHEN UV LIGHT IS ON‼! 
3. Label three (3) 15mL centrifuge tubes (per sample) with the incubation time, temp, aerobic or 
not, and initials (AXG). To freeze dry drilling fluids effectively, the sample amount needs to 
be around 7 ml or less. If not a layer will be created at the top of the fluid that will not allow 
the remaining fluid to dry.   
4. Turn off the UV light in hood and turn on regular light 
5. Put on gloves and rub with 70% ethanol 
6. Remove sample  from  -70°C freezer 
7. Using a cleaned muffled glass pipette for each sample, place approximately 7ml in each of the 
three centrifuge tubes for a total of 20ml per sample. 
8. Place lids on each tube and tighten only ¼ turn. This will allow the sample to freeze dry 
without the concern of microbial contamination. 
9. Tape the lid to the tube to insure it will not be knocked off during freeze drying. 
10. Place samples in top of freeze dryer and follow the procedure written for freeze drying 
(located on lab table next to freeze dryer).  
11. Check sample after approximately 24 hours. When sample is completely dry the lid can be 








Step 2 Extraction of Lipids 
 
Chemicals needed Glassware needed (muffled)  
Methanol 1 set of centrifuge tubes 
Chloroform 1 set of large test-tubes 
Nanopure water 1 set of small test-tubes 
Phosphate Buffer 2 small beakers for nanopure water and 
phosphate buffer 
 1 pipette per sample 
 
 
Calibrate the methanol repipetter to dispense 10 mL (7.91 g) and the chloroform repipetter to dispense 
5 mL (within 0.1 g is fine). 
 
Extraction of Lipids Day 1  
1. Label centrifuge tubes and beakers before putting gloves on. 
2. Weigh out up to 1g of freeze dried drilling fluid into each centrifuge tube. Record the exact 
amount that is used in each tube. 
3. Using the auto-pipette, add 4ml of phosphate buffer to each sample. 
4. Using the repipetters, add 10ml of methanol followed by 5ml of chloroform to each sample, 
swirling between additions. 
5. Vortex briefly then vent. 
6. Sonicate samples for two minutes, then leave covered with foil for three hours. 
7. Centrifuge samples 10 minutes at 2000rpm. 
8. Decant supernatant from each sample into large labeled test-tube. 
9. Add 5ml of chloroform to each sample and re-centrifuge for 10-minutes at 2000rpm. 
10. Decant supernatant into new tubes again, being careful to avoid as much “gunk” and solid 
material as possible. 
11. Using the auto-pipette, add 5ml of nanopure water to each sample to break phase. Swirl a bit 
to loosen interphase gunk. Leave overnight, covered in foil. 
     
 
Extraction of Lipids Day 2  
1. Label a set of small test tubes. Use a Pasteur pipette to transfer the bottom organic phase from 
each sample into them. To prevent uptake of aqueous and inter-phases, blow bubbles through 
the tip of the pipette while pushing down into the organic phase. (watch out for organic matter 
and water phase). 
2. Evaporate the solvent in the N-EVAP at 37oC (approximately 15 minutes). Samples can either 
be stored in the freezer or moved directly to the next step of silicic acid chromatography.  
 
Waste generated per sample: 
4 ml phosphate buffer / water phase 
5 ml water 








Step 3 Silicic Acid Chromatography 
 
Glassware needed (muffled) Chemicals Needed 
2 small tubes per sample to collect the neutral 
and polar lipid fraction. 
Methanol 
Acetone 
12 small test tubes to collect waste Chloroform 
1 small beaker for holding chloroform  
1 Pasteur pipette per sample  
 
Preparation 
 Remove samples from the freezer and allow to rise to room temperature. 
 Switch on the water bath on the N-EVAP, and set to 37oC. 
 Fill the water bath completely to maximize evaporation rate. Methanol takes ~3hrs to 
evaporate. 
 Set the repipetter to 5mL. 
 Obtain SPE columns 
 
Procedure  
1. Label test tubes and beakers before putting gloves on. 
2. Place waste tubes and NLFA (neutral lipid fatty acid)-labeled tubes into the rack. 
3. Place SPE columns over the waste tubes and condition each column with 5mL chloroform. 
4. Place SPE columns over the test tubes labeled for neutral lipids. 
5. Add 150-200 μL of chloroform from a dedicated syringe to each sample and swirl to dissolve 
total lipids. 
6. Load the column with a Pasteur pipette, being careful to drip the liquid directly into the center 
of the column. Use a new pipette for each sample. 
7. Repeat steps 5 and 6 two more times for each sample. 
8. Elute samples with 5 mL of chloroform 2 times to remove the neutral lipid fraction. If only 
collecting polar lipid fatty acids, use waste tubes at this point. 
9. Place SPE columns over the waste tubes and elute with 5mL of acetone to remove the 
gylcolipid fraction. 
10. Replace the NLFA test-tubes with the polar-labeled tubes. 
11. Place SPE columns over the test tubes labeled with polar lipids. 
12. Elute with 5mL of methanol 2 times to remove the phospholipid fraction. 
13. Evaporate the solvents in the N-EVAP at 37oC for ~2 hours. 
14. Store the samples in the freezer. 
 





Lipids are separated into neutral and polar classes based on their interaction with silanols, active sites 
on silicic acid. The silanols interact with the polar group of the lipid. As the polarity of the solvent 







Step 4 Lipid Methylation 
 
Chemicals Needed Glassware needed (muffled) 
0.2 methanolic KOH 3 50-100ml beakers to contain methanol, chloroform, 
and nanopure water. 1 M Acetic acid 
Acetone 1 50 or 100ml volumetric flask 
Chloroform 1 Pasteur pipette per sample 
Methanol 1 small test tube per sample 
Hexane Dedicated syringes for methanolic KOH, methanol, 
and chloroform. Nanopure water 
  
  
Preparation   
 !!!!Avoid Water!!!! 
 Label a set of small test tubes before putting gloves on. 
 Turn on N-EVAP heat unit and set temperature at 60oC. 
 Prepare 0.2 M methanolic KOH. 
 Prepare 1 M Acetic Acid. 
 
Procedure  
1. Using dedicated syringes, add 0.5 mL chloroform and methanol to each sample. 
2. Using the dedicated syringe, add 1.0 mL methanolic KOH to each sample. Swirl to mix. Rinse 
the syringe very well with  methanol when finished. 
3. Place the samples in 60oC N-EVAP water bath for ~30 minutes. (DO NOT EVAPORATE AT 
THIS STEP!!!! WATERBATH ONLY!!!!). A white precipitate will form when this step is 




4. Using the repipetter, add 2.0 mL of hexane to each sample and swirl to mix. 
5. Using an autopipette, ad 200 μL of 1M acetic acid to each sample. Swirl to mix. You will start 
to see phase separation taking place. 
6. Using a pipette, add 2 mL nanopure water to each sample to break phase. 
7. Vortex samples for 30 seconds. 
8. Centrifuge samples for 5 minutes at 2000rpm. 
9. Using a separate Pasteur pipette for each sample, transfer the top phase to a small muffled test 
tube. 
10. Re-extract the samples with 2.0mL of hexane twice, following the sample procedure laid out 
in steps 7-9. 
11. Evaporate the solvent in the N-EVAP at 37oC. To prevent the FAMEs being volatized by the 
nitrogen, keep the gas flow rates low, and place the gas needles near the neck of the test tubes. 
Watch the samples carefully and take them off as soon as evaporation is complete (~40 
minutes). Store samples in the freezer. 
Waste Generated per sample: 
2 ml water 
0.5 ml chloroform 
0.5 ml methanol 





0.2 ml acetic acid 
Procedure Notes: 
 Avoid water!!! Potassium hydroxide is hydroscopic and will absorb water out of the air. When 
making methanolic KOH, quickly transfer the pellets from the balance to the methanol. 
 Water has to be avoided for 2 reasons: 1) water attacks the double bonds in the unsaturated 
long-chain fatty acids; 2) water competes with methanol for fatty acids, thereby decreasing 
methylation efficiency and yielding free fatty acids, instead of FAMEs (fatty acid methyl 
esters). 
 Acetic acid is used to neutralize the samples for 2 reasons: 1) methanolysis is incomplete at 
high pH; 2) FAMEs have higher affinity for water at high pH. Can use litmus paper to test the 










1. Remove hexane, 19:0, and standards from freezer and place in hood.  Need to be room 
temperature before starting. 
2. Check green He tank.  Increase psi to 40.  Remember to turn it back to 20 when you are not 
running GC. 
3. Click on System Control-upper left corner of screen 
4. File->activate method->dailychecksmanual.mth 
5. Wait until all lights are green (temp, pressure, etc) 
6. Click on Auto Tune (bottom screen, second button) 
7. Click Air/water check 
8. Click start auto tune 
9. If fails, try one more time.  The system might need to be baked out to remove excess water.  
This will take around 4 hours.  See MEL 
10. File->activate method->PLFAmanual.mth 
11. Wait for all green lights 
12. Click Acquisition (bottom screen, last button) 
13. Wait for all green lights 
14. Negative control- run once a day or every 20 samples 
This shows that the GC doesn’t have anything in it 
Fill GC vial with hexane 
Inject 1 uL and start GC by pushing the switch on top of GC 
The run will take 33 minutes 
15. Note the file name (operating conditions, Data File) 
16. If negative control shows any peaks, rerun hexane or get fresh hexane.  If problem persists 
then contact MEL 
17. While negative is running make positive controls 
18. Positive control-run once a day or every 20 samples 
This shows if the different fatty acids can be detected 
19. Add 0.1 mL FIM-FAME, 0.2mL 1114, 20uL PUFA, and 680 uL Hexane into GC vial This 
can be used for up to 1 week 
20. Inject 1uL and start GC 
Note file name, will need this to determine peaks in your data (operating conditions data file) 
21. Quantification std-mix with every sample 
Bring 19:0 stock  to room temperature 
22. Add 1 mL stock to 10 mL of hexane (you can make more or less if you are running a few 
samples). Hexane is very volatile so keep cap on all the time 
23. Note concentration of 19:0 stock that is on bottle 
24. Sample injection 
Add 0.5 mL solution from 11.b to your sample, vortex 
Pipette into GC vial, label 
25. Fill syringe with 1 uL of your sample.  If concentration is too low, then you might need to 
inject 5, 10, etc. uL 
26. Inject sample  
27. Note data file name on bottom screen under operating conditions 
Place sample in freezer when not in use 





 End of day 
o Change  method to standybymanual.htm 
o Decrease He gas flow 
Data analysis 
Click on MS data Review 
Select file/chromatogram 
Find file and double click then open file. You can open multi files at the same time 
Integrate, Plot 1, export, export to text file, save to drive 




Individual qualitative stock 
FIM-FAME: 
 Add contents of vial to 40 mL EPA vial 
 Fill with hexane 
 Final concentration  750 ng/uL 
 
1114: 
 Final concentration 250 ng/uL 
 
PUFA: 
 Final concentration 2500 ng/uL 
 
To make standard: (positive control) 
 Add 30 uL of FIM-FAME stock, 80 uL of 1114 stock, 10 uL of PUFA stock 
 Fill to 1mL line with hexane or 880 uL 
 
 
Quantitative standard for GC: 19:0 stock 
 Add 20 mg to a 100mL volumetric flask  
 Bring to volume 










Glassware Needed (muffled) Chemicals Needed 
100-ml volumetric flask Potassium Phosphate Diabasic  
100-ml beaker Nanopure water 
100-ml vacuum flask 3 M HCL  
Glass pipette Chloroform 
Corning  250mL Plastic Filter System (orange 
plastic, disposable, in middle cabinet office area 
411A) 
 
Acetoned tweezers and stir bar  
Kim-wipes  
Vaccuum   
  
 
Calibrate pH meter  
1. Turn machine on by pressing on/off button on face of machine. 
2. Press blue “cal” button.  
3. When machine prompts, place both the glass probe and the temperature gauge into the tube 
containing the yellow pH 7 calibrating solution. 
4. Once the pH reading stabilizes press the orange “read” button to calibrate the machine.   
5. Rinse both probes with Nanopure water over a waste beaker and wipe with Kimwipe. 
6. Machine will highlight pH 4. Press “cal” button.  When machine prompts place both probes 
into pink pH 4 calibrating solution. 
7. Once the pH reading stabilizes press the orange “read” button to calibrate the machine.   
8. Rinse both probes with Nanopure water over a waste beaker and wipe with Kimwipe. 
9. Machine will highlight pH 10. Press “cal” button.  When machine prompts place both probes 
into blue pH 10 calibrating solution. 
10. Once the pH reading stabilizes press the orange “read” button to calibrate the machine.   
11. Rinse both probes with Nanopure water over a waste beaker and wipe with Kimwipe. 
12. Machine is now calibrated. 
 
Procedure 
1. Weigh out 0.87g of Potassium Phosphate Diabasic into a 100-ml volumetric flask; add enough 
nanopure water to dissolve the powder and then bring to volume. 
2. Pour into the 100-ml beaker and add the stir bar. 
3. Standardize the pH meter and titrate the buffer with 3 M HCL (using a glass pipette) to a pH 
of 7.40. Do not overshoot (a pH of 7.39 is ok). 
4. Run the buffer solution through the microfilter vacuum apparatus. 












3 M HCL 
Procedure 
For 50 ml: 
Put 32.25g of nanopure water in a bottle. 
Add 14.75g of concentrated (12.1 M) HCL. 
 
 
1 M Acetic Acid 
Procedure 
To 50ml of nanopure water, add 3g of glacial acetic acid (99.8% assay, density 1.0492) 
 
 
0.2 M Methanolic KOH 
 
Glassware Needed(muffled) Chemicals Needed 
10.0-ml glass pipettes Methanol  
1.0-ml glass pipettes KOH  




1. Start with 10mL of methanol in a volumetric flask (measured using a 10mL glass pipette). 
2. Using acetone-wiped tweezers, quickly weigh two pellets of KOH (4 pellets for 48 samples). 
3. Rinse pellets with a few drops of chloroform and drop them immediately into the methanol. 
(KOH is hydroscopic and water will interfere with methylation, hence the need for speed!) 
4. Add enough methanol to achieve the correct  
concentration: 
25/0.28*(wt of pellet g) of KOH = total volume needed 
6. Swirl to dissolve. 
 
                                                  
 
Muffled Glassware 
1. Glassware, lids and caps soak in Vesphene for three hours  
2. Scrub  
3. Rinse ten times with DI water and hang to dry overnight  
4. Wrap glassware in aluminum foil and place in a muffle furnace at 550ºC for six hours to 
remove any remaining carbon   





Measuring Dissolved Oxygen  
 
Using Vernier DO Probe with DataMate software for LabPro and Graphing Calculator 
If probe has been stored, 1mL of electrode filling solution will need to be added following instructions 
on page 2 of manual. 
1. Plug DO Probe into channel 1 of the LabPro base. Connect the graphing calculator to the 
LabPro base using the link cable. Plug LabPro into power outlet. Listen for unit to beep. If 
unit has multiple beeps in the same pitch, it indicates the unit is not in working order.  
2. If the beeps are happily different pitches, turn calculator on. 
3. Press purple APPS button 
4. Select DataMate from menu and press enter 
5. Select interface and press enter 
6. If CH 1 displays DO proceed to step 5 (warm up) on page 5 of manual. If not continue with 
step 4 page 4.  
7. While probe is warming up look up current barometric pressure for Dekalb (weather.com is a 
good source and convert the in Hg into mm Hg.) The current room temperature in ºC is also 
needed for chart on page 11 of manual. 
8. Follow the probe calibration on page 5 of manual and data collection on page 6. 
 
 





Measuring pH of Drill Fluid Procedure 
 Calibrate pH meter  
 Turn machine on by pressing on/off button on face of machine. 
 Press blue “cal” button.  
 When machine prompts, place both the glass probe and the temperature gauge into the tube 
containing the yellow pH 7 calibrating solution. 
 Once the pH reading stabilizes press the orange “read” button to calibrate the machine.   
 Rinse both probes with Nanopure water over a waste beaker and wipe with Kimwipe. 
 Machine will highlight pH 4. Press “cal” button.  When machine prompts place both probes 
into pink pH 4 calibrating solution. 
 Once the pH reading stabilizes press the orange “read” button to calibrate the machine.   
 Rinse both probes with Nanopure water over a waste beaker and wipe with Kimwipe. 
 Machine will highlight pH 10. Press “cal” button.  When machine prompts place both probes 
into blue pH 10 calibrating solution. 
 Once the pH reading stabilizes press the orange “read” button to calibrate the machine.   
 Rinse both probes with Nanopure water over a waste beaker and wipe with Kimwipe. 
 Machine is now calibrated. 
 
 
Read pH of drilling fluid sample 
 From the calibration table press the orange “read” button. This will bring up a new screen 
showing both pH and temperature.  
 Place both probes in sample. Wait for pH to stabilize.  Press “read” if machine does not 
automatically stop blinking once pH has stabilized for more than two minutes.  
 This is the pH of the sample. 
 Rinse both probes with Nanopure water over a waste beaker and wipe with Kimwipe. 
 To measure pH of another sample press the orange “read” button again and follow steps 2-5. 
 When finished with the pH meter place plastic cap containing 3 Molar potassium chloride 





Make sure mode is reading pH, not mV etc… 
 
If pH machine is being a pain during calibration, try to avoid hitting or kicking machine. Instead, 
calmly turn off the machine and count to whatever number makes you feel better. Turn machine on 








Clean recycled plastic filter casing from the MoBio UltraClean water DNA kit  
0.22 µm filter (Millipore, Nitrocellulose Membrane cat. No. GSWP04700) 
1000 mL filter flask (fits the base of the plastic filter casing the best) 
1 mL pipette 





1. Wash filter casing and rinse 3 times with DI water 
2. Place in oven to dry (~20 minutes) 
3. Place Millipore 0.22 µm between casing parts and press top down firmly to ensure proper 
seal 
4. Using tape (any kind) attach 15mL centrifuge tube securely around hole in bottom of filter 
casing 
5. Place filter on top of 1000 mL filter flask with clean tweezers 
6. Attach Vacuum hose to flask 
7. Using pipette add 2 mL of drilling fluid to center of Millipore filter 
8. Turn vacuum on. Sample will be filtered in approximately 15 minutes. Turn off vacuum 
9. Carefully remove sample tube from filter casing 
10. Using a pipette transfer 0.1mL (100µL) to a preweighed and recorded 15mL tube (for 
ICPMS) 
11. Re weigh and record 
12. Add 9.9mL 1% Nitric Acid solution to dilute ~100X. Reweigh. 
13. Sample is now ready for ICPMS analysis or can be stored at room temperature. 









Dilute Filtered Drilling Fluid Sample 
 Dilute drill fluid by weight 100X. Using a pipette add 9.9mL DI water to 0.1mL filtered 
drilling fluid in labeled container record all weights.  
 Vortex to mix well. 
 
Dionex 
1. Check bottle to ensure there is degassed water 
2. Open Helium from tank and also open the inlet valve of helium to water. 
3. Gradient pump: press a button to wake up or turn unit on (button located on lower left of 
gradient pump unit).  Then press the off/on button located in the upper right of the gradient 
pump unit. 
4. Conductivity Detector: Check detection number (upper right) can’t run a sample until it is 
below 0.9µS detection 
5. Open Peaknet on computer. Click RUN icon. Click load method icon (upper left task of bar) 
6. Load ANION.met. window will open just click okay. Status will change to waiting for 
external start. 
7. Run Blank (DI water): Rinse out syringe 3X with DI water and wipe tip with kimwipe. Load 
syringe with ~0.3 mL with DI water.  
8. Inject  into machine. This will load the sample into the sample loop. 
9. Click START, the start method screen will appear again. Type in sample ID and choose where 
sample data will be saved and click OK. 
10. RUN STANDARD 
11. RUN SAMPLE: Load filtered, diluted sample into syringe and rinse the syringe with DI water 


























Table M1. Day 5 Biolog™ data for new aerobic 4°C incubation. Raw triplicates averaged. 
 
Sample ID T0NA4 T1NA4 T2NA4 T4NA4 T6NA4 T14NA4 T25NA4 T40NA4 
Carbon 
Type 
C1 0.00 0.67 0.33 4.00 7.33 5.33 4.00 4.00 
C2 0.00 3.00 0.00 4.33 0.00 1.67 0.00 0.00 
C3 3.33 1.33 3.67 3.33 4.33 1.67 4.00 3.33 
C4 2.00 3.33 3.33 1.00 0.00 1.67 2.00 0.67 
C5 55.67 8.67 5.67 3.33 0.00 7.33 14.67 5.33 
C6 4.00 6.67 3.00 7.33 0.67 6.33 4.33 161.00 
C7 5.67 2.00 1.00 4.67 2.33 6.33 9.33 12.00 
C8 8.33 12.67 12.67 12.67 12.00 9.67 5.00 39.33 
C9 1.00 4.67 0.00 0.00 0.33 0.00 3.67 3.00 
C10 1.67 2.67 1.33 2.67 1.00 2.33 3.33 0.00 
C11 1.67 4.00 2.00 4.00 2.33 4.33 5.00 2.67 
C12 9.33 12.33 9.67 11.67 11.00 8.33 10.67 8.00 
C13 0.00 3.00 0.00 0.67 12.33 3.33 9.67 115.67 
C14 2.67 4.00 4.33 5.00 1.33 2.00 2.00 1.00 
C15 1.00 5.67 2.33 3.00 4.33 4.67 5.00 8.00 
C16 3.00 10.67 4.67 2.00 9.00 6.00 11.00 35.00 
C17 4.33 10.00 4.67 1.33 1.67 8.33 8.33 181.67 
C18 6.33 7.33 6.67 11.00 10.67 13.67 9.33 3.00 
C19 0.00 5.67 3.00 2.67 0.00 5.00 4.67 7.00 
C20 8.67 9.00 10.33 9.67 15.33 13.33 13.67 221.33 
C21 3.67 6.00 4.33 2.33 2.00 6.00 1.67 8.00 
C22 37.00 43.00 45.67 43.67 56.33 59.67 41.33 28.67 
C23 0.33 1.67 2.33 2.33 1.33 3.00 2.00 221.67 
C24 1.00 11.67 2.00 4.00 6.33 4.33 4.33 90.00 
C25 11.67 7.67 7.00 2.33 0.00 11.33 5.67 3.67 
C26 0.67 6.33 2.00 4.67 1.33 6.00 4.33 1.00 
C27 3.67 3.00 0.33 4.00 0.00 4.00 2.00 0.00 
C28 0.00 2.33 0.00 5.33 3.67 0.00 1.33 1.33 
C29 10.00 3.67 0.33 3.67 3.00 7.00 5.00 7.67 
C30 1.33 1.00 2.00 5.67 7.33 4.00 1.67 2.00 







Table M2. Day 5  Biolog™ data for new anaerobic 4°C incubation. Raw triplicates averaged. 
 
Sample ID T0NAN4 T1NAN4 T2.NAN4 T4NAN4 T6NAN4 T14NAN4 T25NAN4 T40NAN4 
Carbon 
Type 
C1 0.00 0.00 1.00 0.67 7.67 37.00 12.33 0.33 
C2 2.67 1.67 0.00 0.00 2.67 0.00 0.00 0.00 
C3 2.67 0.33 0.00 0.00 1.00 0.33 8.33 1.00 
C4 0.67 0.00 0.67 0.00 4.67 5.67 6.67 0.00 
C5 62.33 5.00 10.00 6.00 17.33 0.00 3.67 11.33 
C6 0.67 3.00 1.00 0.00 3.67 2.33 55.67 2.67 
C7 0.00 0.00 0.67 1.33 7.67 1.67 9.00 3.33 
C8 14.00 11.67 15.33 11.33 11.67 19.00 12.00 6.33 
C9 0.00 0.67 0.33 3.33 7.33 1.33 0.00 0.67 
C10 0.33 0.67 2.00 0.33 2.00 0.00 0.00 0.00 
C11 2.67 1.33 1.00 1.67 6.33 0.00 7.33 0.33 
C12 11.00 12.33 9.00 4.00 8.67 24.00 30.00 7.00 
C13 2.33 0.33 0.67 4.00 16.33 204.67 92.00 4.67 
C14 3.00 1.33 1.67 0.00 2.33 0.00 0.00 0.00 
C15 1.67 9.00 1.67 1.00 2.33 36.67 24.33 2.67 
C16 0.33 3.00 2.00 1.33 2.33 68.33 67.00 5.33 
C17 9.00 3.00 10.00 0.67 15.67 50.33 58.00 3.67 
C18 7.00 2.00 1.67 0.67 5.67 14.33 4.67 2.33 
C19 7.33 1.00 0.33 0.00 9.00 0.00 6.00 1.33 
C20 4.33 10.33 10.67 9.00 11.00 327.67 208.00 22.67 
C21 2.67 12.67 0.33 0.00 3.00 0.00 25.67 0.33 
C22 30.00 43.00 42.33 53.00 42.67 49.00 28.67 55.67 
C23 0.67 3.00 0.33 0.00 3.00 19.67 74.67 3.00 
C24 0.67 0.00 1.67 3.00 8.67 61.67 74.00 0.67 
C25 6.33 5.67 0.33 0.00 10.00 17.33 15.00 2.33 
C26 18.00 2.67 0.33 0.00 4.33 6.00 7.33 2.00 
C27 2.00 1.00 0.33 0.00 2.33 0.00 0.00 4.33 
C28 3.67 1.33 1.33 0.00 6.67 7.00 12.33 0.33 
C29 2.00 2.00 1.00 0.00 6.67 0.00 0.00 0.67 
C30 6.33 0.67 0.67 0.00 5.67 0.33 4.33 3.33 







Table M3 Day 5  Biolog™ data for new aerobic 20°C incubation. Raw triplicates averaged. 
 
Sample ID T0NA20 T1NA20 T2NA20 T4NA20 T6NA20 T14NA20 T25NA20 T40NA20 
Carbon 
Type 
C1 49.00 0.00 13.00 461.00 321.00 400.67 344.67 388.00 
C2 7.00 2.33 3.00 3.00 4.67 0.00 4.67 7.00 
C3 6.00 12.67 67.33 666.33 268.67 768.33 834.33 903.67 
C4 1.00 165.33 139.33 235.00 205.33 212.33 166.00 206.33 
C5 5.00 4.67 9.00 103.00 13.33 1.33 682.67 575.67 
C6 4.33 394.33 292.00 378.67 413.67 541.67 371.00 507.67 
C7 251.00 445.00 369.33 552.67 459.33 1020.67 671.33 1032.33 
C8 19.00 447.33 280.33 411.67 475.00 773.33 558.67 552.33 
C9 11.33 22.00 93.67 300.33 238.33 575.00 417.67 516.00 
C10 0.67 0.00 2.00 0.00 0.00 0.00 0.00 0.00 
C11 40.00 207.67 173.00 818.33 706.00 827.67 773.67 929.33 
C12 31.67 423.67 447.33 640.67 671.33 777.00 687.67 532.33 
C13 165.33 552.00 556.67 472.67 760.33 882.33 599.67 1032.67 
C14 0.00 0.00 5.33 0.33 0.00 4.33 0.00 0.00 
C15 7.00 25.00 25.67 283.67 24.67 6.33 24.67 39.00 
C16 63.67 473.00 337.33 403.67 501.00 875.33 778.67 9.33 
C17 14.67 599.00 565.67 547.00 619.33 739.67 489.67 681.67 
C18 6.67 5.33 5.33 42.67 22.00 56.00 67.67 149.33 
C19 6.33 15.67 12.33 33.33 6.00 2.33 60.00 0.00 
C20 41.33 478.67 282.33 372.00 461.67 720.67 521.00 716.67 
C21 7.67 7.33 13.67 2.00 4.67 2.67 10.33 10.33 
C22 24.33 36.33 55.67 395.33 78.00 383.00 335.67 612.33 
C23 10.00 254.00 387.33 533.67 410.33 532.00 573.67 23.00 
C24 128.67 606.67 449.00 614.00 742.67 1048.67 666.00 1226.33 
C25 14.67 5.67 17.00 11.00 35.33 10.67 52.00 35.33 
C26 3.67 4.33 6.67 2.33 4.67 6.67 13.67 4.33 
C27 5.33 4.33 1.00 3.00 0.00 0.00 4.33 7.33 
C28 83.67 91.67 152.33 743.00 840.00 1131.33 639.67 1371.00 
C29 3.67 1.33 5.67 3.00 2.00 7.67 26.67 11.67 
C30 50.33 565.33 1536.67 828.00 1085.33 775.00 839.67 1525.00 







Table M4. Day 5  Biolog™ data for new anaerobic 20°C incubation. Raw triplicates averaged.  
 
Sample ID T0NAN20 T1NAN20 T2NAN20 T4NAN20 T6NAN20 T14NAN20 T25NAN20 T40NAN20 
Carbon 
Type 
C1 0.00 12.33 3.00 1.33 12.00 906.67 653.33 18.67 
C2 1.00 4.33 1.33 0.00 0.00 4.67 4.67 0.00 
C3 0.00 3.00 6.33 2.67 7.00 1242.33 532.00 3.00 
C4 18.67 6.00 7.67 8.67 8.00 390.00 237.67 11.33 
C5 110.00 35.00 38.67 50.33 44.00 1079.33 26.33 243.00 
C6 3.67 5.67 9.67 9.67 8.67 1007.33 779.00 7.00 
C7 1.67 0.33 5.33 5.00 8.67 1252.67 1256.33 4.33 
C8 15.67 15.33 18.00 25.67 23.00 993.67 530.33 95.67 
C9 0.00 3.33 2.67 2.33 0.00 1295.67 1167.00 20.00 
C10 7.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
C11 4.00 2.67 6.67 0.00 3.67 1224.67 992.67 4.67 
C12 29.33 19.00 12.67 23.33 33.67 325.33 641.00 91.00 
C13 0.00 12.67 10.00 12.67 16.67 1129.33 1200.00 34.67 
C14 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
C15 2.33 4.00 14.00 4.67 2.00 114.00 179.33 12.00 
C16 39.00 10.33 16.00 12.33 9.67 672.00 950.00 33.67 
C17 31.00 3.67 10.33 24.67 16.67 958.67 1075.33 45.33 
C18 17.00 6.00 16.33 15.33 8.00 19.33 262.33 7.33 
C19 4.67 2.33 13.33 5.00 6.00 63.00 74.67 5.33 
C20 9.33 10.33 32.00 42.00 29.33 789.33 749.67 55.00 
C21 2.33 4.67 14.00 17.33 1.00 7.33 19.33 11.00 
C22 57.00 21.67 32.33 47.67 54.00 1202.67 110.33 43.33 
C23 4.33 2.67 7.33 3.67 3.67 668.67 713.67 1.33 
C24 1.67 17.00 15.33 34.33 33.33 1018.33 1394.67 54.00 
C25 14.33 2.00 13.00 7.00 14.33 61.00 117.33 37.67 
C26 19.00 7.67 18.67 10.67 12.67 21.33 34.67 24.33 
C27 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 
C28 0.33 6.33 6.67 2.67 13.00 1339.33 1627.33 27.67 
C29 3.67 6.33 6.67 5.00 8.00 25.33 49.00 12.33 
C30 4.33 4.00 6.67 0.00 1.00 1128.33 1035.33 7.00 







Table M5. Day 5 Biolog™ data for new aerobic 50°C incubation. Raw triplicates averaged. 
 
Sample ID T0NA50 T1NA50 T2NA50 T4NA50 T6NA50 T14NA50 T25NA50 T40NA50 
Carbon 
Type 
C1 3.00 1.33 0.33 2.33 16.00 9.00 1.67 3.33 
C2 9.00 2.67 9.33 12.33 21.00 19.33 16.00 13.33 
C3 0.67 2.00 3.00 8.33 5.67 8.33 7.67 5.67 
C4 4.33 0.00 2.33 10.67 9.00 5.67 2.00 5.67 
C5 82.67 4.33 14.00 15.33 19.33 8.33 16.33 6.00 
C6 6.00 0.00 1.67 10.33 14.67 0.00 0.00 5.00 
C7 3.33 0.00 1.33 12.67 6.33 0.00 1.00 0.00 
C8 8.33 17.67 4.33 2.67 13.00 3.00 0.00 0.33 
C9 2.33 2.00 0.00 8.67 7.67 5.00 2.67 17.67 
C10 2.33 1.00 2.00 7.33 15.33 0.00 3.33 3.67 
C11 0.00 0.00 0.00 7.00 15.00 0.00 2.67 2.33 
C12 14.33 6.00 5.33 9.67 13.33 4.67 0.67 4.67 
C13 9.67 3.33 3.00 11.33 12.67 2.67 10.00 12.33 
C14 0.00 0.00 0.00 3.33 3.33 1.33 4.00 4.00 
C15 3.33 0.00 0.00 10.67 7.67 0.00 1.67 0.67 
C16 4.67 0.00 2.33 7.67 10.33 4.00 3.67 6.00 
C17 12.67 3.67 0.00 4.33 6.67 2.33 3.00 0.33 
C18 6.33 1.00 4.00 2.00 13.00 1.33 4.33 1.67 
C19 6.67 0.00 2.00 1.67 4.67 0.00 1.33 0.33 
C20 3.67 0.00 4.00 4.33 5.67 0.67 3.00 6.33 
C21 1.33 0.00 0.00 6.00 1.33 0.00 0.00 6.00 
C22 24.00 45.00 39.67 26.67 47.67 10.67 12.33 28.00 
C23 3.67 0.00 0.33 4.33 6.33 0.00 1.67 11.33 
C24 24.00 0.00 0.33 2.67 4.00 2.67 2.00 0.67 
C25 13.33 13.67 9.33 7.33 23.00 5.33 0.33 0.00 
C26 8.33 0.00 1.67 4.67 14.00 8.67 2.67 1.67 
C27 10.33 0.00 2.67 20.67 9.00 4.33 4.67 10.33 
C28 4.33 0.00 3.00 3.00 11.00 6.67 0.00 2.00 
C29 6.00 0.00 14.67 5.00 9.33 7.33 0.00 3.00 
C30 5.67 0.00 3.33 7.33 15.33 13.00 6.00 11.33 







Table M6. Day 5  Biolog™ data for new anaerobic 50°C incubation. Raw triplicates averaged. 
 
Sample ID T0NAN50 T1NAN50 T2NAN50 T4NAN50 T6NAN50 T14NAN50 T25NAN50 T40NAN50 
Carbon 
Type 
C1 5.33 4.67 2.67 1.33 7.33 3.33 5.00 14.33 
C2 56.67 63.67 70.00 52.00 66.67 20.00 14.00 60.67 
C3 3.67 8.00 3.67 5.33 9.67 8.67 2.00 20.33 
C4 7.33 8.33 11.00 6.67 10.67 2.33 3.00 24.33 
C5 626.33 631.33 688.00 678.67 690.67 359.33 279.67 553.67 
C6 128.00 128.00 149.33 154.00 181.00 15.67 6.33 126.33 
C7 13.33 8.67 7.67 10.00 14.33 8.00 7.33 26.67 
C8 30.00 41.00 34.33 35.33 49.67 25.33 21.33 28.67 
C9 5.33 4.67 3.00 10.33 11.33 9.67 3.33 17.67 
C10 0.00 1.33 1.00 0.00 3.00 7.67 6.67 2.00 
C11 2.67 3.67 4.67 2.33 7.67 4.67 4.00 9.33 
C12 17.67 27.67 27.00 13.00 24.00 19.33 31.00 22.00 
C13 1.33 3.67 4.00 142.33 13.67 21.67 2.00 13.00 
C14 0.00 0.00 0.67 0.00 0.33 6.00 0.00 7.67 
C15 2.33 4.33 2.67 4.00 8.33 4.00 0.00 5.00 
C16 0.00 5.33 3.00 4.67 2.67 16.33 12.00 12.00 
C17 7.00 8.33 6.00 10.33 10.33 13.00 5.00 25.67 
C18 0.00 3.33 5.67 0.00 9.33 5.33 0.67 5.67 
C19 0.67 3.33 6.33 1.33 6.00 6.00 5.67 6.67 
C20 2.67 4.67 4.33 0.00 2.00 4.00 3.67 17.67 
C21 6.67 9.00 9.67 9.33 14.33 9.67 0.00 4.33 
C22 18.00 47.00 19.67 52.33 37.67 94.33 62.67 57.00 
C23 0.00 3.67 4.67 8.00 9.33 11.33 4.67 26.00 
C24 9.67 10.33 6.33 6.00 12.00 10.00 4.00 25.33 
C25 1.67 16.00 8.33 6.00 3.67 50.33 12.67 9.00 
C26 20.33 24.00 27.67 32.00 31.00 15.33 5.00 32.67 
C27 0.00 2.33 3.33 2.67 4.00 9.67 4.33 18.00 
C28 10.33 9.00 8.00 8.33 12.00 10.33 1.00 13.33 
C29 1.00 6.33 5.33 4.67 13.33 18.00 6.67 7.00 
C30 0.00 4.33 2.33 2.33 15.33 18.67 36.00 57.33 







Table M7. Day 5  Biolog™ data for return aerobic 4°C incubation. Raw triplicates averaged. 
 
Sample ID T0RA4 T1RA4 T2RA4 T4RA4 T6RA4 T14RA4 T25RA4 T40RA4 
Carbon 
Type 
C1 2.67 5.67 14.67 6.67 2.33 9.33 0.00 6.67 
C2 11.33 0.33 5.00 18.67 19.33 3.67 0.33 0.67 
C3 6.33 3.67 13.33 17.33 6.00 18.00 0.00 26.00 
C4 0.00 6.00 5.00 7.00 5.33 3.33 2.33 0.00 
C5 4.00 0.67 5.67 10.00 10.67 5.33 0.00 24.00 
C6 0.00 0.00 0.00 1.33 0.00 0.00 0.00 0.00 
C7 0.00 0.00 9.67 7.67 2.00 0.00 0.00 0.33 
C8 0.00 3.00 0.00 1.00 9.67 0.67 4.67 12.00 
C9 0.00 0.00 0.67 0.00 0.00 0.00 0.00 0.00 
C10 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 
C11 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 
C12 2.67 8.33 0.00 3.00 5.00 0.00 4.00 8.00 
C13 0.00 0.00 1.00 0.00 1.00 0.00 0.00 31.67 
C14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
C15 0.00 0.00 0.00 1.33 0.00 0.00 0.00 0.00 
C16 0.00 0.00 1.00 0.00 0.00 0.00 0.00 2.33 
C17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 
C18 0.00 0.00 0.33 0.00 0.00 0.00 0.00 0.00 
C19 0.00 0.00 6.33 0.00 3.67 0.00 0.00 0.00 
C20 1.00 0.67 4.67 6.67 2.00 3.33 0.00 111.00 
C21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
C22 0.00 0.00 1.33 1.67 2.33 0.00 0.00 0.00 
C23 0.00 0.00 2.33 5.33 4.33 0.00 0.00 50.33 
C24 1.67 0.00 5.33 3.00 3.00 3.67 0.67 8.67 
C25 0.00 0.00 1.00 0.00 0.33 0.00 0.00 0.00 
C26 0.00 0.00 11.67 0.00 1.00 0.00 0.00 0.00 
C27 4.67 0.00 6.00 1.67 0.00 0.00 0.00 6.67 
C28 5.00 0.67 12.67 11.67 4.33 1.00 2.00 5.67 
C29 2.00 2.33 17.00 4.00 3.67 6.67 0.00 6.33 
C30 6.00 10.33 12.33 10.67 11.33 5.67 1.00 71.33 







Table M8. Day 5  Biolog™ data for return anaerobic 4°C incubation. Raw triplicates averaged. 
 
Sample ID T0RAN4 T1RAN4 T2RAN4 T4RAN4 T6RAN4 T14RAN4 T25RAN4 T40RAN4 
Carbon 
Type 
C1 10.67 3.67 40.67 1.33 15.33 0.00 24.67 5.33 
C2 10.00 1.00 25.33 10.00 0.00 0.00 0.00 10.33 
C3 4.67 4.33 36.67 7.67 51.33 0.67 10.00 5.00 
C4 1.33 0.00 15.00 0.00 1.67 0.00 0.00 2.33 
C5 7.67 7.00 25.33 6.33 0.00 0.00 1.67 5.67 
C6 4.00 0.00 20.67 0.00 0.00 0.00 0.00 0.00 
C7 3.67 0.00 25.33 0.00 10.67 0.00 1.33 0.00 
C8 14.67 3.33 22.00 2.67 4.00 31.00 9.00 7.33 
C9 3.33 0.00 19.00 0.00 0.00 0.00 0.00 0.00 
C10 3.67 0.00 11.67 0.00 0.00 0.00 0.00 0.00 
C11 3.33 0.00 16.33 0.00 2.00 0.00 0.00 0.00 
C12 15.33 7.00 20.00 0.00 7.33 46.67 11.00 7.67 
C13 2.33 0.00 23.00 0.00 16.00 0.00 24.67 0.00 
C14 0.00 0.00 18.00 0.00 0.00 0.00 0.00 0.00 
C15 8.00 0.00 15.67 0.00 0.00 0.67 0.00 0.00 
C16 0.00 0.33 20.33 0.00 2.67 0.00 32.67 5.33 
C17 0.00 0.00 6.00 0.00 4.00 0.00 1.33 0.00 
C18 4.33 0.00 23.67 0.00 3.33 0.00 0.00 0.00 
C19 8.00 0.00 21.33 0.00 10.00 0.00 0.00 0.00 
C20 9.33 4.33 14.67 4.33 22.33 3.67 69.33 12.33 
C21 0.00 0.00 18.00 0.00 0.00 0.00 0.00 0.00 
C22 0.00 0.00 16.33 0.00 0.00 0.00 0.00 0.00 
C23 0.00 0.00 21.33 0.67 3.00 0.00 16.33 0.00 
C24 1.33 5.67 22.67 1.67 9.67 3.33 32.33 4.00 
C25 6.33 0.00 16.67 0.00 0.00 0.00 0.00 0.00 
C26 3.33 0.00 23.67 0.00 5.33 0.00 0.00 0.00 
C27 11.00 0.00 23.00 0.33 11.33 0.00 0.00 0.00 
C28 4.33 0.00 29.00 3.67 20.67 0.00 7.67 2.00 
C29 3.67 0.00 32.00 2.67 20.67 0.67 6.33 4.33 
C30 11.00 2.00 33.00 10.33 17.33 0.00 5.67 4.00 







Table M9. Day 5  Biolog™ data for return aerobic 20°C incubation. Raw triplicates averaged. 
 
Sample ID T0RA20 T1RA20 T2RA20 T4RA20 T6RA20 T14RA20 T25RA20 T40RA20 
Carbon 
Type 
C1 96.33 26.33 63.67 321.00 223.33 226.33 369.33 419.00 
C2 4.67 3.00 9.00 15.00 15.00 13.67 27.00 12.67 
C3 11.67 94.00 306.67 297.67 332.00 62.00 155.00 167.00 
C4 4.33 262.67 159.00 240.33 211.33 107.00 70.67 80.00 
C5 23.33 24.00 179.00 301.00 296.67 260.00 371.33 327.33 
C6 1.33 5.67 73.33 55.33 88.33 216.67 85.33 179.00 
C7 163.33 332.00 172.33 206.00 279.67 316.33 388.67 452.00 
C8 168.33 237.67 274.00 288.00 406.33 394.00 366.00 371.33 
C9 18.67 49.67 155.33 154.00 87.00 54.67 201.00 182.33 
C10 3.00 0.00 9.00 0.00 0.00 0.00 17.00 0.00 
C11 6.33 5.00 188.67 145.33 170.33 33.33 79.67 114.00 
C12 85.00 306.67 352.33 358.33 567.67 404.00 460.00 357.33 
C13 21.67 379.67 212.00 177.00 326.67 362.67 409.00 433.33 
C14 0.00 0.00 5.67 0.00 0.00 0.00 10.67 7.33 
C15 0.67 0.00 49.67 73.67 71.00 27.00 28.33 5.00 
C16 0.00 414.00 487.67 450.33 602.67 440.00 568.00 423.67 
C17 0.00 78.33 117.67 140.33 133.00 305.00 303.00 324.00 
C18 7.33 0.00 27.00 5.67 27.33 13.33 53.67 20.00 
C19 0.33 9.00 49.67 54.33 94.67 40.00 23.67 8.67 
C20 0.00 160.00 372.00 384.67 439.33 474.00 492.67 177.67 
C21 6.00 0.00 1.33 0.00 5.00 0.67 18.00 1.00 
C22 0.00 0.00 4.33 53.00 2.00 8.33 23.00 315.00 
C23 14.00 237.33 165.00 234.00 276.00 384.67 269.67 241.33 
C24 79.00 346.33 295.33 449.33 366.00 393.67 458.67 542.67 
C25 0.00 0.67 8.67 0.00 2.00 0.00 16.33 0.00 
C26 2.67 1.00 0.00 0.00 0.00 0.00 18.00 9.33 
C27 11.33 0.00 18.00 2.33 0.67 0.00 15.00 8.67 
C28 20.67 35.67 74.67 274.67 315.67 611.00 502.33 686.67 
C29 5.00 0.67 21.00 25.67 16.00 7.00 26.00 0.00 
C30 75.00 296.00 265.00 274.67 307.33 497.00 516.33 493.00 







Table M10. Day 5  Biolog™ data for return anaerobic 20°C incubation. Raw triplicates averaged. 
 
Sample ID T0RAN20 T1RAN20 T2RAN20 T4RAN20 T6RAN20 T14RAN20 T25RAN20 T40RAN20 
Carbon 
Type 
C1 11.00 30.67 29.33 27.00 20.33 582.67 509.00 45.33 
C2 15.33 2.33 0.00 0.00 4.00 29.67 0.00 0.00 
C3 18.33 4.67 15.33 22.33 11.33 46.33 198.67 13.33 
C4 3.67 0.00 0.00 0.00 0.00 260.00 103.00 0.00 
C5 13.00 6.67 9.67 0.00 5.33 417.00 203.67 49.67 
C6 11.67 0.00 0.00 0.00 0.00 265.33 36.00 0.00 
C7 3.33 0.00 0.00 0.00 9.67 489.33 493.33 0.33 
C8 96.33 139.00 137.00 125.33 184.67 247.67 157.00 146.00 
C9 0.00 0.00 0.00 0.00 0.00 387.00 306.33 0.00 
C10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
C11 0.00 0.00 0.00 0.00 0.00 260.00 28.33 0.00 
C12 81.67 135.00 119.00 146.33 128.33 169.33 91.00 114.67 
C13 3.67 0.67 0.00 0.00 8.67 367.33 413.33 17.33 
C14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
C15 0.00 0.00 0.00 0.00 0.00 50.33 0.00 0.00 
C16 0.00 0.00 6.67 6.33 21.33 259.33 254.00 17.00 
C17 0.00 0.00 0.00 0.00 2.33 196.67 261.67 0.00 
C18 10.33 0.00 0.00 0.00 0.00 24.33 0.00 0.00 
C19 0.00 0.00 0.00 0.00 5.33 37.00 0.00 0.00 
C20 3.00 12.00 14.67 0.00 16.33 335.33 250.67 66.00 
C21 0.00 0.00 0.00 0.00 0.00 6.00 0.00 0.00 
C22 0.00 0.00 0.00 0.00 0.00 186.33 0.00 0.00 
C23 4.33 0.00 0.00 0.00 0.33 314.33 209.00 2.00 
C24 11.67 4.67 17.33 0.00 14.33 336.33 380.33 45.67 
C25 0.00 0.00 0.00 0.00 0.00 50.33 0.00 4.00 
C26 6.00 0.00 0.00 0.00 0.00 29.33 0.00 1.00 
C27 3.00 0.00 0.00 0.00 0.00 17.00 0.00 0.00 
C28 11.67 31.67 18.67 17.00 20.00 551.67 423.00 54.67 
C29 0.33 10.67 7.67 9.67 2.33 8.33 0.00 24.67 
C30 30.00 10.33 1.67 11.67 10.00 487.33 559.33 22.67 







Table M11. Day 5  Biolog™ data for return aerobic 50°C incubation. Raw triplicates averaged. 
 
Sample ID T0RA50 T1RA50 T2RA50 T4RA50 T6RA50 T14RA50 T25RA50 T40RA50 
Carbon 
Type 
C1 2.00 18.33 20.00 15.33 69.33 32.00 18.67 25.33 
C2 60.67 67.33 80.67 63.67 83.00 81.00 64.33 43.33 
C3 41.67 23.33 50.67 56.33 57.00 25.00 28.00 36.00 
C4 0.00 7.00 22.00 67.00 15.67 22.00 15.00 24.33 
C5 64.00 102.00 91.00 117.00 60.00 75.67 50.00 41.33 
C6 37.33 30.67 33.67 85.67 28.00 31.00 15.33 25.00 
C7 24.33 25.67 25.33 82.00 14.67 18.00 21.33 29.33 
C8 10.00 31.00 35.33 61.67 29.33 21.33 16.33 42.00 
C9 56.33 32.33 36.00 86.33 14.00 31.00 28.00 47.00 
C10 42.33 38.67 32.33 68.00 20.33 23.33 27.00 21.33 
C11 28.67 34.33 36.67 84.00 12.00 23.00 5.00 12.00 
C12 26.67 21.33 38.33 59.00 29.67 16.33 17.00 37.67 
C13 48.67 31.00 32.33 80.00 22.67 26.67 20.33 22.67 
C14 45.33 19.33 16.00 75.33 0.00 29.67 7.00 9.33 
C15 31.33 19.00 35.00 59.33 6.00 13.00 4.67 13.00 
C16 15.00 21.00 12.67 34.67 21.33 33.33 6.33 7.67 
C17 39.33 15.67 25.00 64.67 3.67 20.00 7.33 14.00 
C18 39.33 16.00 28.67 37.00 0.00 22.67 16.00 15.00 
C19 37.33 24.00 26.00 76.33 6.00 13.67 12.67 27.00 
C20 4.33 33.00 15.33 37.67 7.00 16.33 19.33 24.00 
C21 44.67 21.00 31.00 44.00 8.00 23.33 9.33 24.33 
C22 44.67 20.33 26.67 65.67 11.67 26.67 11.33 14.33 
C23 34.33 23.67 24.67 68.00 0.00 19.00 16.00 13.00 
C24 1.67 33.33 17.33 49.67 5.67 19.00 18.67 20.67 
C25 13.67 27.33 14.33 42.00 7.00 15.33 23.33 19.00 
C26 36.33 23.00 29.00 64.67 9.00 16.67 15.67 28.67 
C27 36.67 30.33 43.33 84.67 11.00 21.67 15.00 22.33 
C28 0.00 35.67 19.33 8.67 38.00 15.67 8.33 22.00 
C29 0.00 34.33 7.33 8.00 27.33 12.67 7.67 5.00 
C30 0.67 30.00 6.33 51.33 14.67 14.33 41.00 22.67 







Table M12. Day 5  Biolog™ data for return anaerobic 50°C incubation. Raw triplicates averaged. 
 
Sample ID T0RAN50 T1RAN50 T2RAN50 T4RAN50 T6RAN50 T14RAN50 T25RAN50 T40RAN50 
Carbon 
Type 
C1 12.33 37.33 3.33 30.33 50.00 5.00 9.33 2.33 
C2 97.33 131.00 117.67 81.67 159.00 28.33 79.33 188.67 
C3 12.33 43.00 30.33 38.00 83.33 7.67 21.67 60.00 
C4 17.33 51.00 5.67 29.33 99.67 1.67 55.33 108.67 
C5 408.33 307.67 530.00 371.33 158.00 537.33 517.00 259.67 
C6 164.67 221.67 154.67 174.67 123.00 8.00 28.00 221.00 
C7 0.00 15.33 8.67 17.00 38.33 3.33 38.67 33.67 
C8 48.00 114.67 61.67 78.33 90.33 8.00 49.00 72.67 
C9 0.33 25.67 0.00 17.33 55.33 12.67 38.00 53.00 
C10 0.00 4.00 0.00 8.67 37.67 5.67 26.00 32.33 
C11 0.00 15.33 0.00 3.67 10.67 6.67 48.67 12.33 
C12 41.00 132.33 7.67 71.67 108.33 0.00 52.67 78.00 
C13 0.00 10.33 4.67 2.67 32.33 9.67 23.33 38.00 
C14 0.00 0.00 2.00 0.00 28.67 4.00 6.00 9.00 
C15 2.00 6.67 1.33 3.67 35.33 4.00 20.33 34.33 
C16 0.00 0.00 0.00 2.33 34.33 8.67 12.00 15.00 
C17 0.00 6.67 0.00 0.00 11.33 2.33 14.00 12.33 
C18 10.00 11.00 14.67 7.67 29.00 7.00 4.67 34.00 
C19 0.00 1.67 0.00 5.00 8.33 1.33 19.33 24.67 
C20 0.67 12.00 0.00 11.67 49.33 6.00 21.00 35.00 
C21 1.00 3.33 0.00 0.00 37.33 0.00 11.67 21.67 
C22 3.67 12.00 0.67 5.67 29.00 13.33 4.33 12.33 
C23 0.00 13.00 3.67 2.33 33.33 3.33 20.67 16.33 
C24 0.00 12.33 0.00 15.67 33.00 5.00 26.00 27.33 
C25 0.00 0.00 8.00 7.33 44.67 3.67 17.00 31.33 
C26 11.33 29.33 13.67 23.67 66.00 7.33 19.00 40.00 
C27 8.33 15.67 15.33 12.00 58.33 2.33 34.67 30.00 
C28 0.00 19.67 0.00 25.00 35.00 3.00 38.67 47.33 
C29 14.33 3.67 8.67 2.33 12.33 1.33 7.33 0.00 
C30 6.33 47.00 14.00 22.00 80.67 16.67 31.67 53.00 







Table M13. Day 5  Biolog™ data for individual fluid samples incubated both aerobically and 
anaerobically at closest in situ temperature. Raw triplicates averaged. 
 
Sample ID #1A_4  #1AN_4  #2A_4  #2AN_4  #3A_4  #3AN_4  #4A_4  #4AN_4  
Carbon 
Type 
C1 2.00 0.00 0.67 2.67 1.67 4.00 0.67 0.67 
C2 5.33 3.00 1.33 1.67 0.00 0.67 2.67 1.33 
C3 2.67 1.33 1.00 8.33 0.67 3.33 3.33 2.33 
C4 8.33 4.00 3.00 6.67 0.00 2.00 1.67 11.00 
C5 78.67 81.67 54.33 70.00 54.33 77.67 54.33 77.67 
C6 5.67 6.00 4.33 8.67 3.00 4.33 3.00 12.33 
C7 2.33 3.33 3.67 7.00 0.33 2.00 5.33 10.00 
C8 26.00 28.67 6.67 12.67 5.67 6.67 7.33 25.67 
C9 6.33 0.00 2.00 3.33 0.67 0.00 3.67 0.00 
C10 6.67 9.00 4.33 14.00 2.33 1.67 4.67 5.33 
C11 3.33 1.00 3.00 5.33 0.67 1.33 2.33 4.67 
C12 13.00 14.00 5.67 11.00 12.67 10.33 11.67 22.33 
C13 6.33 9.67 1.00 4.33 3.33 1.67 3.67 0.67 
C14 7.00 2.33 1.33 7.67 1.67 0.00 3.67 9.33 
C15 5.00 5.00 1.67 3.67 1.00 1.67 5.00 9.33 
C16 5.00 3.67 0.67 12.67 0.00 2.00 13.33 14.00 
C17 4.00 1.00 2.00 7.67 4.33 5.00 2.33 11.67 
C18 8.00 9.00 3.67 17.00 2.67 5.00 3.00 23.00 
C19 1.33 2.67 0.33 8.33 1.67 3.00 0.00 6.00 
C20 10.00 8.00 3.67 7.00 4.00 7.00 4.00 12.67 
C21 7.33 1.67 1.33 9.33 2.33 2.00 1.33 11.00 
C22 33.00 39.67 43.67 39.67 48.00 44.00 43.67 51.67 
C23 4.00 3.67 4.00 7.00 8.67 2.33 4.00 5.00 
C24 3.00 0.00 3.00 3.33 5.33 5.33 0.33 4.33 
C25 10.67 8.00 0.67 7.67 3.67 1.67 6.00 6.00 
C26 15.00 0.33 1.00 9.00 0.00 4.33 8.67 5.67 
C27 2.67 3.67 3.00 12.00 2.33 3.67 3.00 10.67 
C28 3.00 0.00 0.00 6.33 0.33 7.67 0.00 7.67 
C29 10.00 8.67 5.00 7.00 4.67 4.67 0.67 10.00 
C30 7.00 5.00 0.67 5.67 1.00 4.33 3.33 3.33 







Table M14.4 Day 5  Biolog™ data for individual fluid samples incubated both aerobically and 
anaerobically at closest in situ temperature. Raw triplicates averaged. 
 
Sample ID #5A_4  #5AN_4  #6A_4  #6AN_4  #7A_4  #7AN_4  #8A_20  #8AN_20  
Carbon 
Type 
C1 3.67 0.00 0.67 1.33 7.67 2.33 81.33 1.00 
C2 3.33 0.00 2.33 0.67 1.67 1.67 0.33 3.33 
C3 12.33 3.33 3.00 2.33 4.33 1.33 3.00 1.67 
C4 7.33 0.00 2.33 2.00 8.67 3.33 50.67 1.67 
C5 66.00 72.00 22.67 29.00 15.67 22.33 27.00 214.33 
C6 7.67 5.67 2.00 5.33 2.33 4.33 26.33 5.67 
C7 9.67 4.00 1.33 4.33 6.00 1.67 475.00 2.67 
C8 10.67 6.67 12.67 18.00 19.33 10.33 130.67 20.00 
C9 4.33 3.67 1.33 5.00 8.00 0.67 52.33 1.67 
C10 9.67 4.00 4.67 6.00 6.00 7.00 1.33 2.33 
C11 0.33 0.67 3.67 8.67 6.67 6.33 200.33 2.67 
C12 6.00 25.00 13.00 12.67 9.33 12.67 289.33 22.33 
C13 3.00 2.00 1.67 9.00 0.00 0.00 983.33 2.33 
C14 11.67 0.67 4.67 5.33 9.00 2.33 1.00 3.67 
C15 0.67 3.67 4.00 6.33 1.67 3.00 16.67 2.67 
C16 3.33 0.67 7.33 3.67 7.67 9.67 15.33 3.00 
C17 14.00 0.00 4.67 3.33 10.33 1.00 315.67 3.33 
C18 6.00 2.33 7.00 9.67 2.67 6.00 30.33 8.67 
C19 9.33 2.00 7.00 6.00 4.33 4.33 8.67 4.00 
C20 15.33 0.00 6.67 7.00 8.00 11.67 24.33 4.00 
C21 3.67 4.33 5.00 2.33 10.00 9.67 12.67 3.67 
C22 39.67 25.00 50.00 61.67 30.00 40.33 26.33 34.67 
C23 7.67 2.33 1.33 2.00 3.00 4.00 12.33 2.67 
C24 10.00 2.67 4.00 2.33 1.67 4.33 690.33 2.67 
C25 7.67 1.67 1.67 4.33 5.67 2.67 1.33 3.00 
C26 8.00 4.00 3.67 0.33 0.33 5.67 3.67 7.67 
C27 0.67 1.33 2.00 4.33 9.33 3.67 0.00 3.67 
C28 2.00 1.67 0.33 3.67 9.67 5.00 547.67 1.33 
C29 9.33 3.33 4.67 10.00 3.67 9.33 4.33 4.00 
C30 5.67 1.00 1.00 3.00 2.33 8.00 112.00 1.67 







Table M15. Day 5  Biolog™ data for individual fluid samples incubated both aerobically and 
anaerobically at closest in situ temperature. Raw triplicates averaged. 
 
Sample ID #9_A20  #9_AN20  #10_A20  #10_AN20  #11_A20  #11_AN20  #12_A20  #12_AN20  
Carbon 
Type 
C1 1.33 3.67 85.33 0.33 49.00 0.00 11.00 7.67 
C2 0.67 5.00 10.00 1.33 0.00 3.67 13.67 13.33 
C3 0.67 5.00 5.67 5.00 3.67 0.00 5.00 12.00 
C4 4.00 10.33 2.67 7.67 16.33 8.00 5.33 0.00 
C5 27.67 177.67 23.67 157.00 40.67 290.67 52.67 73.67 
C6 1.67 5.00 5.67 5.67 102.33 6.67 0.00 0.00 
C7 0.00 0.33 455.00 4.67 577.67 0.67 0.00 0.00 
C8 5.67 14.00 7.00 17.33 110.67 14.00 13.33 163.33 
C9 2.67 1.00 3.67 1.00 171.33 0.00 0.00 0.00 
C10 1.00 1.33 3.33 0.00 0.00 0.00 0.00 0.00 
C11 0.00 1.00 18.00 3.33 16.00 0.00 0.00 0.00 
C12 8.00 18.67 61.33 17.00 171.00 10.67 19.67 204.00 
C13 4.00 10.33 4.67 2.00 625.00 50.67 113.00 0.00 
C14 4.67 0.33 5.00 1.00 0.00 0.00 0.00 0.00 
C15 1.67 1.67 9.00 5.33 11.67 0.00 0.00 0.00 
C16 8.00 8.00 5.33 18.33 11.00 18.00 0.00 2.67 
C17 1.33 3.33 5.33 2.00 0.33 3.00 0.00 0.00 
C18 7.00 7.67 14.33 7.00 4.33 5.33 0.00 0.00 
C19 2.33 6.00 7.33 3.00 1.00 0.67 0.00 0.00 
C20 2.00 13.00 7.00 9.00 56.00 11.00 3.67 0.00 
C21 5.00 39.67 13.33 1.00 0.00 1.67 0.00 0.00 
C22 25.33 23.67 54.00 28.67 94.00 21.00 0.00 0.00 
C23 2.00 5.33 5.00 4.67 4.67 0.33 0.00 0.00 
C24 0.67 5.67 402.67 2.00 500.67 2.00 6.33 4.33 
C25 1.67 10.33 16.00 5.67 6.00 4.33 0.00 0.00 
C26 3.67 12.00 6.33 16.67 0.00 12.33 0.00 0.00 
C27 2.33 5.67 3.00 3.00 0.00 0.00 0.00 0.00 
C28 2.67 4.67 1.67 0.67 244.67 0.67 13.00 5.33 
C29 0.33 5.00 13.67 7.67 0.00 3.33 2.67 0.67 
C30 0.67 0.67 117.67 2.33 1165.67 3.00 12.67 2.67 







Table M16. Day 5  Biolog™ data for individual fluid samples incubated both aerobically and 
anaerobically at closest in situ temperature. Raw triplicates averaged. 
 
Sample ID #13A_20  #13AN_20  #14A_20  #14AN_20  
Carbon 
Type 
C1 19.00 89.00 11.00 1.33 
C2 15.00 19.00 7.00 0.00 
C3 18.00 10.00 3.33 1.00 
C4 65.00 2.67 3.00 0.00 
C5 108.00 219.67 43.67 84.33 
C6 51.33 7.00 0.00 0.00 
C7 474.33 7.33 0.00 0.00 
C8 286.00 176.67 112.67 51.00 
C9 245.33 1.33 0.00 0.00 
C10 7.67 1.67 0.00 0.00 
C11 116.00 0.33 0.00 0.00 
C12 376.00 173.67 5.00 67.67 
C13 20.67 64.33 0.00 0.00 
C14 6.00 0.00 0.00 0.00 
C15 7.67 4.33 0.00 0.00 
C16 23.33 49.33 0.00 0.00 
C17 160.33 40.00 0.00 0.00 
C18 10.67 1.67 0.00 0.00 
C19 13.67 3.33 0.00 0.00 
C20 18.33 73.00 4.67 0.00 
C21 19.00 0.00 0.00 0.00 
C22 16.67 2.00 0.00 0.00 
C23 104.00 6.33 0.00 0.00 
C24 37.33 298.67 1.33 0.00 
C25 10.00 6.33 0.00 0.00 
C26 5.00 7.33 0.00 0.00 
C27 13.67 5.33 0.00 0.00 
C28 385.67 62.00 5.33 0.00 
C29 16.00 13.67 0.00 1.67 
C30 284.00 8.67 11.33 1.33 







Table M17. Day 10  Biolog™ data for new aerobic 4°C incubation. Raw triplicates averaged. 
 
Sample ID T0NA4 T1NA4 T2NA4 T4NA4 T6NA4 T14NA4 T25NA4 T40NA4 
Carbon 
Type 
C1 0.00 0.00 1.33 3.00 10.67 224.00 27.33 610.67 
C2 0.33 2.00 0.00 3.00 0.00 2.33 0.00 1.33 
C3 6.00 20.67 88.33 29.67 12.67 5.00 6.33 11.00 
C4 3.33 2.33 3.00 1.00 0.00 2.00 0.00 170.00 
C5 54.33 2.33 0.67 1.00 0.00 2.67 7.33 9.33 
C6 2.33 31.67 159.00 144.00 232.33 147.00 6.67 272.33 
C7 1.67 2.67 1.67 7.33 5.67 6.33 5.00 243.67 
C8 7.67 12.67 37.00 47.67 79.00 40.67 9.00 180.33 
C9 1.00 3.33 0.00 0.33 2.33 0.33 5.00 7.00 
C10 0.67 0.00 0.00 0.00 0.00 1.00 0.00 0.00 
C11 1.67 6.00 16.67 30.00 6.67 1.67 5.33 6.00 
C12 16.33 21.67 35.33 70.33 75.67 44.00 22.33 218.00 
C13 0.33 164.33 190.00 114.33 428.00 526.67 228.00 662.33 
C14 3.00 0.00 1.67 0.00 0.67 0.33 0.00 0.67 
C15 0.67 4.00 3.00 2.00 12.00 5.67 7.67 10.33 
C16 3.67 15.00 54.00 110.00 221.67 522.33 19.67 570.00 
C17 87.33 74.33 171.00 233.00 296.67 222.33 141.00 495.00 
C18 3.33 3.33 6.67 9.00 5.33 2.33 9.67 39.00 
C19 0.67 8.00 10.33 8.67 1.00 9.67 8.33 10.33 
C20 137.67 13.33 171.67 230.33 459.33 625.00 44.00 504.00 
C21 1.67 8.00 3.33 2.33 5.00 1.67 2.00 6.33 
C22 41.67 44.33 40.67 41.00 62.00 58.67 47.33 39.67 
C23 166.67 151.00 375.67 307.67 294.33 268.67 19.00 362.67 
C24 1.00 57.00 294.33 185.33 372.33 433.33 195.00 490.67 
C25 9.33 5.00 4.67 3.33 2.00 6.00 4.67 4.33 
C26 0.67 2.33 1.00 3.33 0.67 1.67 0.67 4.00 
C27 1.00 0.67 0.00 0.00 0.00 2.67 1.00 0.67 
C28 2.33 1.67 0.00 5.33 5.00 0.67 0.33 1.67 
C29 6.00 6.33 0.00 5.00 6.00 7.00 7.33 8.00 
C30 2.00 49.33 12.00 11.00 7.33 2.00 2.67 11.67 








Table M18. Day 10  Biolog™ data for new anaerobic 4°C incubation. Raw triplicates averaged. 
 
Sample ID T0NAN4 T1NAN4 T2NAN4 T4NAN4 T6NAN4 T14NAN4 T25NAN4 T40NAN4 
Carbon 
Type 
C1 0.00 0.00 26.33 87.33 120.00 481.00 77.33 63.00 
C2 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 
C3 0.00 8.00 0.00 17.67 26.67 14.00 5.00 4.33 
C4 0.00 0.00 0.00 0.00 3.67 245.00 56.00 0.00 
C5 59.67 1.33 5.00 1.67 16.33 0.00 2.00 6.00 
C6 0.00 9.00 5.67 2.00 7.33 261.00 213.33 74.00 
C7 0.00 15.67 7.67 5.33 16.33 14.67 6.33 5.00 
C8 13.33 7.33 13.00 17.33 17.33 186.00 171.00 19.67 
C9 1.33 2.33 4.00 0.00 12.67 5.00 0.00 1.33 
C10 0.00 0.00 0.00 0.00 0.67 0.00 0.00 0.00 
C11 0.00 3.67 8.00 7.67 19.67 26.00 8.33 3.33 
C12 9.00 7.33 11.33 25.00 28.67 145.67 189.67 23.00 
C13 1.33 34.33 8.67 223.33 275.33 574.00 852.67 441.00 
C14 0.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
C15 0.33 16.00 10.00 5.67 17.00 199.33 38.33 19.33 
C16 0.00 16.00 19.33 21.67 35.33 932.67 873.00 678.67 
C17 7.67 2.33 155.67 78.33 108.67 287.00 361.33 164.33 
C18 3.33 0.00 0.00 25.33 21.00 61.67 3.33 2.33 
C19 2.00 2.67 1.00 1.00 18.67 25.67 7.00 4.67 
C20 3.67 19.00 26.00 67.00 43.33 687.00 638.33 876.00 
C21 0.67 11.00 0.00 0.00 4.33 0.00 11.00 0.67 
C22 31.67 43.67 31.00 49.33 48.33 50.33 36.00 52.00 
C23 18.00 8.67 5.67 1.67 4.00 504.00 233.00 46.67 
C24 1.00 2.33 7.33 84.67 9.33 473.00 588.33 120.00 
C25 3.00 5.67 2.00 4.00 16.33 22.67 140.00 2.67 
C26 20.33 2.00 0.00 0.00 2.00 0.33 1.67 1.33 
C27 0.00 0.00 0.00 0.00 2.67 0.00 0.00 0.00 
C28 3.33 7.33 3.00 2.33 19.33 19.67 6.33 2.00 
C29 0.67 3.33 0.00 7.67 21.67 0.67 0.00 1.00 
C30 2.33 0.00 0.00 0.00 12.00 5.00 0.67 3.33 







Table M19. Day 10  Biolog™ data for new aerobic 20°C incubation. Raw triplicates averaged. 
 
Sample ID T0NA20 T1NA20 T2NA20 T4NA20 T6NA20 T14NA20 T25NA20 T40NA20 
Carbon 
Type 
C1 350.00 87.33 275.67 356.67 298.00 295.33 307.33 337.67 
C2 23.67 18.33 13.67 12.00 5.00 153.00 8.67 7.00 
C3 52.67 636.33 595.00 739.00 649.00 712.00 934.00 852.67 
C4 324.00 212.33 123.33 206.00 192.33 199.67 149.00 196.33 
C5 540.67 329.00 397.00 762.67 339.33 0.33 646.00 894.00 
C6 128.67 353.00 259.33 361.33 397.33 534.33 319.67 531.33 
C7 839.33 540.33 379.67 620.00 472.00 962.67 646.67 1010.33 
C8 302.00 338.33 307.33 444.33 543.67 749.33 774.00 562.33 
C9 419.00 487.33 542.33 567.67 912.00 609.67 573.33 749.67 
C10 0.00 0.00 0.33 0.00 0.00 0.00 0.00 0.00 
C11 521.67 801.67 553.67 846.33 738.00 869.00 801.67 992.33 
C12 643.33 664.33 543.33 862.33 2679.00 859.33 845.33 652.00 
C13 583.00 1032.67 917.67 803.00 934.33 891.67 984.00 1112.67 
C14 0.00 0.00 2.67 0.00 283.33 157.00 199.00 0.00 
C15 134.00 42.67 54.33 956.00 355.67 8.33 141.00 94.00 
C16 208.00 511.33 371.67 414.00 600.00 950.67 718.67 13.00 
C17 146.67 545.00 491.33 501.00 580.67 688.67 452.67 670.33 
C18 17.33 54.00 31.33 107.67 83.00 98.00 78.33 160.33 
C19 7.67 62.67 10.00 99.00 11.00 11.33 185.67 2.33 
C20 40.33 422.33 232.00 327.00 409.67 679.67 495.33 757.00 
C21 12.33 7.67 7.67 1.67 2.00 1.00 8.33 7.00 
C22 230.67 585.67 337.67 398.33 840.67 394.33 529.00 647.33 
C23 128.67 241.33 339.33 487.67 355.67 496.33 508.00 259.67 
C24 570.67 637.33 391.33 593.33 622.33 1073.67 563.00 1227.00 
C25 22.33 16.67 17.33 34.67 98.33 9.33 115.00 42.00 
C26 3.33 4.67 4.67 3.00 11.00 6.00 11.00 9.00 
C27 8.67 2.33 0.00 3.33 0.00 0.00 4.67 28.00 
C28 1007.00 376.33 287.67 779.67 999.33 1127.67 564.00 1410.00 
C29 4.00 2.67 2.00 2.33 1.00 3.00 6.33 4.33 
C30 949.67 1072.00 1180.67 790.00 1093.00 747.00 825.00 1526.67 







Table M20. Day 10  Biolog™ data for new anaerobic 20°C incubation. Raw triplicates averaged. 
 
Sample ID T0NAN20 T1NAN20 T2NAN20 T4NAN20 T6NAN20 T14NAN20 T25NAN20 T40NAN20 
Carbon 
Type 
C1 0.00 13.67 2.00 3.33 840.00 848.00 1219.33 17.33 
C2 3.67 7.67 3.67 2.67 3.33 234.33 0.67 0.00 
C3 0.00 3.67 4.00 5.67 19.33 981.00 928.33 2.00 
C4 35.00 6.67 2.33 40.67 365.33 355.33 1138.00 7.33 
C5 148.67 49.67 44.67 47.67 1052.67 1013.33 138.33 338.00 
C6 14.67 9.67 8.33 8.33 1182.67 939.33 894.00 13.00 
C7 1.33 3.67 5.67 4.67 1070.00 1052.00 1322.67 5.67 
C8 29.33 28.33 38.00 378.33 825.33 1112.33 1166.33 118.33 
C9 0.00 6.00 2.00 6.33 340.00 1044.00 1055.67 16.33 
C10 7.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
C11 7.67 3.67 5.00 0.33 576.00 1098.67 1291.00 4.67 
C12 59.33 20.33 20.00 304.00 824.67 524.33 1002.67 91.00 
C13 0.00 12.33 2.33 8.33 862.33 869.33 1093.67 33.67 
C14 9.33 1.67 0.00 0.00 0.00 0.00 0.00 0.00 
C15 6.67 5.00 6.00 15.33 230.33 931.00 505.00 10.33 
C16 63.00 14.33 15.33 54.67 76.00 679.67 860.67 38.67 
C17 53.00 6.00 9.33 65.67 178.33 873.67 1315.00 44.33 
C18 28.67 8.00 11.33 27.00 58.00 97.67 145.33 8.33 
C19 4.00 3.67 6.00 25.67 89.67 139.67 21.67 4.33 
C20 17.00 12.00 27.67 91.33 484.00 608.33 1427.33 57.33 
C21 6.67 6.67 11.00 15.33 0.00 5.67 7.00 14.00 
C22 59.33 19.67 23.00 40.00 1037.33 1184.67 589.00 39.33 
C23 6.00 4.33 3.00 2.00 36.67 666.67 1040.00 0.33 
C24 3.67 17.33 13.00 59.67 1313.00 870.33 1295.67 56.67 
C25 15.33 2.00 9.00 3.00 77.00 117.00 245.00 22.00 
C26 20.00 6.00 7.67 0.33 1.33 31.00 0.00 24.00 
C27 0.33 0.00 0.33 5.00 0.00 0.33 0.00 1.33 
C28 0.33 5.00 2.33 1.67 1165.00 1061.33 1375.33 25.67 
C29 1.33 6.67 3.67 1.33 12.00 12.33 23.67 5.00 
C30 4.33 8.00 4.67 22.33 1006.00 1034.00 903.67 3.00 







Table M21. Day 10  Biolog™ data for new aerobic 50°C incubation. Raw triplicates averaged. 
 
Sample ID T0NA50 T1NA50 T2NA50 T4NA50 T6NA50 T14NA50 T25NA50 T40NA50 
Carbon 
Type 
C1 0.00 10.00 6.00 4.67 13.00 6.33 0.00 7.00 
C2 1.00 6.33 6.33 5.33 16.33 15.00 13.33 25.00 
C3 0.00 6.67 2.33 2.33 12.67 10.67 0.00 5.33 
C4 3.67 5.33 8.00 11.67 21.67 9.00 0.00 7.00 
C5 35.33 18.67 39.67 24.67 31.67 23.00 15.33 18.33 
C6 3.00 6.33 9.67 4.00 13.00 9.00 2.67 16.00 
C7 0.00 6.33 4.67 15.00 12.00 5.33 0.00 4.67 
C8 8.00 4.00 0.00 0.00 3.33 2.67 0.00 0.00 
C9 1.33 7.33 2.00 12.33 16.00 18.67 0.00 12.33 
C10 1.67 10.00 13.33 14.67 11.67 5.67 2.33 11.33 
C11 0.00 1.33 10.33 16.67 20.33 1.00 6.33 6.67 
C12 10.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 
C13 2.67 3.67 3.00 19.00 28.00 7.67 4.67 5.33 
C14 0.00 0.00 3.00 7.00 0.67 0.00 0.00 0.00 
C15 0.00 2.67 5.00 18.00 3.00 0.00 2.00 4.67 
C16 0.00 6.33 8.00 16.33 14.00 4.67 0.00 0.33 
C17 5.00 9.33 5.00 15.00 20.67 3.33 4.33 0.33 
C18 0.00 4.00 2.67 4.67 15.00 1.33 0.00 7.67 
C19 0.67 2.67 7.67 13.67 2.33 5.00 3.33 5.33 
C20 0.00 6.33 9.67 5.00 11.00 2.33 1.67 3.00 
C21 0.00 5.67 3.67 11.00 12.67 0.00 0.00 3.33 
C22 6.67 25.33 13.67 20.00 29.00 10.67 6.00 28.67 
C23 0.00 0.33 6.33 11.00 2.33 10.33 2.67 6.33 
C24 7.33 3.67 4.00 3.00 11.00 0.00 0.00 5.00 
C25 0.00 6.67 4.33 5.33 18.33 0.00 0.00 3.67 
C26 2.33 6.33 15.00 5.67 15.67 12.33 5.00 12.67 
C27 0.00 7.00 25.67 34.67 13.00 12.00 0.00 5.67 
C28 6.33 4.67 0.67 2.00 5.00 1.00 0.00 4.00 
C29 1.33 6.33 9.00 3.33 5.00 0.00 4.00 13.67 
C30 1.67 6.33 8.67 15.00 22.00 10.00 8.67 8.33 







Table M22. Day 10 Biolog™ data for new anaerobic 50°C incubation. Raw triplicates averaged. 
 
Sample ID T0NAN50 T1NAN50 T2NAN50 T4NAN50 T6NAN50 T14NAN50 T25NAN50 T40NAN50 
Carbon 
Type 
C1 7.33 3.00 3.00 2.00 3.67 2.67 4.00 3.67 
C2 67.00 61.67 77.33 44.33 59.00 19.33 60.00 46.00 
C3 6.00 6.00 2.67 5.67 7.33 5.00 9.00 9.00 
C4 23.67 11.67 12.00 8.00 13.67 6.33 4.00 16.33 
C5 543.33 572.67 637.00 662.33 665.67 359.00 398.33 517.67 
C6 201.33 141.00 232.67 182.33 188.00 28.67 144.33 149.67 
C7 19.00 7.33 7.67 10.33 12.33 1.33 5.33 12.67 
C8 63.67 48.33 112.00 108.67 35.00 72.67 29.33 34.67 
C9 20.33 4.33 2.67 12.00 6.00 4.67 11.33 9.67 
C10 0.33 4.00 1.67 0.00 3.00 2.33 3.33 14.33 
C11 6.33 5.00 1.67 3.00 5.67 0.67 0.67 0.33 
C12 53.33 39.67 67.00 57.00 29.67 53.67 18.67 26.67 
C13 6.33 5.33 4.33 9.67 9.67 18.33 17.67 2.33 
C14 0.00 0.00 0.00 0.00 0.33 2.33 0.00 3.00 
C15 4.33 4.33 2.67 5.00 6.00 1.67 1.33 0.00 
C16 0.33 6.67 3.00 5.33 3.00 12.00 13.00 2.33 
C17 24.33 10.67 6.67 11.67 11.00 5.00 18.33 34.33 
C18 0.00 10.67 5.67 0.33 13.67 9.00 4.00 2.00 
C19 2.00 4.33 5.33 2.33 3.33 2.00 2.33 0.00 
C20 4.33 4.33 4.33 0.00 1.67 1.33 3.00 16.67 
C21 21.00 10.33 12.00 11.33 13.00 3.67 13.33 14.67 
C22 19.67 39.33 13.33 59.67 36.00 72.67 45.67 38.33 
C23 2.33 4.67 1.33 8.67 6.67 2.00 3.00 12.67 
C24 18.00 10.33 5.67 6.00 9.33 2.00 6.67 17.67 
C25 1.33 5.33 3.00 0.00 0.67 0.00 4.00 0.00 
C26 40.67 24.67 41.67 38.67 28.33 20.00 25.67 37.67 
C27 3.00 3.00 1.33 3.00 4.33 5.33 6.67 15.67 
C28 20.00 8.33 6.00 8.00 11.00 10.00 10.33 2.00 
C29 3.00 0.33 2.00 1.00 4.00 1.00 6.33 0.00 
C30 0.00 2.00 3.00 1.33 4.33 9.00 6.00 13.00 







Table M23. Day 10  Biolog™ data for return aerobic 4°C incubation. Raw triplicates averaged. 
 
Sample ID T0RA4 T1RA4 T2RA4 T4RA4 T6RA4 T14RA4 T25RA4 T40RA4 
Carbon 
Type 
C1 3.33 7.33 2.33 5.33 2.33 11.00 0.00 11.67 
C2 7.00 2.00 9.67 18.33 15.67 7.00 2.00 5.67 
C3 5.67 5.67 9.00 46.00 47.67 26.33 2.33 204.33 
C4 0.00 7.00 0.00 19.00 5.33 7.33 0.33 351.33 
C5 1.00 2.00 4.00 18.33 16.67 10.00 0.33 74.67 
C6 0.00 0.00 0.00 1.33 4.67 7.67 0.00 22.00 
C7 0.00 0.00 0.00 3.33 0.00 0.00 0.00 111.33 
C8 0.67 8.67 4.33 7.33 23.67 9.00 1.33 62.67 
C9 0.00 0.00 0.00 4.00 0.67 1.33 0.00 105.67 
C10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
C11 0.00 0.00 0.33 5.33 8.00 3.00 0.00 102.67 
C12 0.00 5.33 3.33 25.00 26.67 0.33 1.33 93.67 
C13 156.67 21.33 177.67 355.33 82.00 183.67 25.33 117.67 
C14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
C15 0.00 0.00 0.00 2.33 0.00 0.00 0.00 0.00 
C16 9.67 7.67 451.33 481.33 317.33 482.67 101.33 389.67 
C17 0.00 13.00 21.00 7.33 30.00 0.00 0.00 55.00 
C18 0.00 0.00 0.00 16.33 0.00 0.33 0.00 0.67 
C19 0.00 0.67 2.67 9.33 2.33 0.00 0.00 38.33 
C20 0.00 9.67 114.00 370.67 266.67 30.67 10.67 315.33 
C21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
C22 0.00 0.00 0.00 1.33 0.00 0.00 0.00 0.00 
C23 0.33 10.33 106.67 55.67 70.33 20.67 0.00 151.00 
C24 0.00 471.67 377.00 122.00 142.67 189.33 7.67 121.33 
C25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
C26 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 
C27 0.00 3.67 0.00 4.33 0.00 2.33 0.00 2.33 
C28 0.00 1.33 4.00 9.67 2.67 1.67 0.00 1.33 
C29 0.00 6.33 5.67 9.67 3.67 9.67 0.00 6.67 
C30 3.00 17.00 60.67 149.00 145.67 106.00 52.33 125.33 







Table M24. Day 10  Biolog™ data for return anaerobic 4°C incubation. Raw triplicates averaged. 
 
Sample ID T0RAN4 T1RAN4 T2RAN4 T4RAN4 T6RAN4 T14RAN4 T25RAN4 T40RAN4 
Carbon 
Type 
C1 10.67 46.67 73.00 60.00 69.33 11.33 21.00 7.33 
C2 7.67 0.00 25.33 2.00 0.00 0.00 4.33 2.67 
C3 4.00 0.00 40.00 9.00 72.33 109.67 22.67 1.00 
C4 0.33 37.33 27.33 15.00 219.67 120.00 66.33 28.33 
C5 6.00 4.00 31.00 10.00 20.67 140.00 8.67 2.67 
C6 2.00 0.00 25.00 0.00 0.00 12.67 52.00 0.00 
C7 4.00 0.00 25.67 0.00 6.67 6.67 0.33 0.00 
C8 10.33 22.00 29.33 7.67 13.00 157.00 30.67 5.67 
C9 0.00 0.00 18.00 0.00 0.00 29.00 0.00 0.00 
C10 1.67 0.00 12.33 0.00 0.00 0.00 0.00 0.00 
C11 3.33 0.00 19.00 0.00 0.00 163.00 52.00 0.00 
C12 18.67 8.67 40.33 24.33 21.00 148.00 37.67 8.00 
C13 77.33 112.67 138.67 148.33 402.00 264.33 483.00 160.33 
C14 1.33 0.00 15.00 0.00 0.00 0.00 0.00 0.00 
C15 4.33 0.00 23.33 11.00 13.33 89.67 2.67 0.00 
C16 0.00 187.33 91.33 994.33 444.67 444.67 396.67 211.00 
C17 4.67 27.33 51.67 40.67 39.67 19.67 23.67 1.00 
C18 2.33 0.00 28.00 0.00 5.33 0.00 0.00 0.00 
C19 8.67 10.00 26.67 1.33 35.00 6.67 0.33 0.00 
C20 4.67 87.67 64.00 110.67 75.67 62.67 116.00 33.00 
C21 0.00 0.00 18.67 0.00 0.00 0.00 2.00 0.00 
C22 2.33 0.00 18.33 0.00 0.00 0.00 0.00 0.00 
C23 11.67 0.00 33.67 6.00 39.67 128.67 23.33 0.00 
C24 0.00 17.33 119.67 165.00 234.67 93.00 189.67 129.67 
C25 2.00 0.00 15.33 0.00 0.00 0.00 0.00 0.00 
C26 0.00 0.00 21.33 0.00 0.00 0.00 0.00 0.00 
C27 7.00 0.00 22.00 0.00 9.67 0.00 0.00 0.00 
C28 0.00 7.33 36.67 24.00 32.00 0.00 10.67 0.00 
C29 1.00 0.00 28.33 3.67 22.00 35.67 10.67 1.67 
C30 11.00 0.33 30.67 14.33 35.67 288.67 184.67 3.00 







Table M25.5 Day 10  Biolog™ data for return aerobic 20°C incubation. Raw triplicates averaged. 
 
Sample ID T0RA20 T1RA20 T2RA20 T4RA20 T6RA20 T14RA20 T25RA20 T40RA20 
Carbon 
Type 
C1 564.67 578.33 531.67 468.33 375.00 339.33 587.33 610.67 
C2 27.33 0.00 16.67 17.00 8.67 13.67 40.67 10.67 
C3 110.00 291.33 321.00 389.00 588.33 461.67 495.33 615.33 
C4 38.33 399.00 201.33 459.00 275.00 177.00 111.67 123.33 
C5 570.67 411.67 283.00 550.33 547.33 387.67 546.33 525.00 
C6 64.67 53.33 85.00 138.00 146.00 308.67 118.00 219.33 
C7 471.33 397.33 289.00 398.33 488.33 407.00 464.00 540.33 
C8 477.00 476.33 464.00 522.33 576.00 523.33 503.00 618.00 
C9 355.33 398.00 345.33 448.00 248.33 154.67 331.67 354.33 
C10 12.00 0.00 12.00 2.33 0.00 0.00 33.00 0.00 
C11 112.33 172.67 260.00 341.00 378.00 262.67 354.00 171.00 
C12 564.67 651.33 557.67 644.33 714.33 551.67 596.33 607.00 
C13 295.00 450.33 508.33 505.33 565.00 367.67 419.33 503.33 
C14 10.33 0.00 8.33 76.00 0.00 0.00 27.00 74.67 
C15 62.00 21.33 375.67 608.00 563.00 258.33 275.33 55.67 
C16 8.00 522.00 528.00 607.67 583.67 483.67 528.67 544.33 
C17 258.67 224.00 190.33 277.00 356.33 362.67 322.33 384.33 
C18 45.67 19.67 30.00 28.33 51.33 40.00 52.00 36.67 
C19 18.33 103.00 137.00 232.33 177.00 56.33 43.33 21.67 
C20 15.67 396.00 508.67 646.00 548.33 678.33 655.67 292.67 
C21 8.67 0.00 6.00 8.00 9.33 13.67 39.00 2.00 
C22 9.67 212.33 262.67 273.67 402.67 167.33 239.33 414.67 
C23 73.00 333.33 237.00 338.67 399.67 531.33 302.33 371.33 
C24 769.00 722.33 408.67 708.67 2475.00 502.00 606.33 671.67 
C25 9.67 14.67 41.33 325.33 439.67 59.33 192.00 4.33 
C26 17.00 0.00 49.33 141.67 35.00 51.67 60.67 27.67 
C27 26.67 0.00 11.67 7.67 1.00 4.67 31.00 18.00 
C28 694.67 724.67 537.67 474.00 753.00 760.00 756.33 939.33 
C29 16.33 0.00 120.00 88.00 62.33 14.33 48.67 5.67 
C30 446.67 489.33 271.67 302.67 404.67 617.33 560.00 577.00 







Table M26.6 Day 10  Biolog™ data for return anaerobic 20°C incubation. Raw triplicates averaged. 
 
Sample ID T0RAN20 T1RAN20 T2RAN20 T4RAN20 T6RAN20 T14RAN20 T25RAN20 T40RAN20 
Carbon 
Type 
C1 27.00 42.33 46.67 225.33 581.67 797.67 498.00 65.33 
C2 16.67 10.00 9.67 6.00 21.00 183.00 85.00 9.33 
C3 8.67 6.67 10.00 16.00 26.33 672.67 247.67 20.67 
C4 5.67 6.33 0.00 0.00 430.33 370.33 147.67 0.00 
C5 28.33 22.33 42.33 171.67 333.33 432.67 333.67 128.33 
C6 0.00 0.00 0.00 374.67 289.00 1144.33 91.67 15.00 
C7 10.67 0.00 0.00 338.00 438.67 603.33 450.00 14.67 
C8 112.00 133.33 172.67 197.33 375.00 458.67 343.33 233.33 
C9 0.00 0.00 0.00 0.00 336.67 456.33 343.33 5.67 
C10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
C11 3.00 0.00 0.00 0.00 331.67 431.33 331.67 0.00 
C12 89.67 102.00 155.67 249.00 315.00 331.33 211.33 200.00 
C13 13.67 4.33 13.67 171.00 277.33 396.67 398.67 45.33 
C14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
C15 0.00 0.00 0.00 0.00 13.00 268.67 0.00 2.67 
C16 11.00 3.00 12.00 135.67 338.00 339.00 285.00 59.67 
C17 3.33 0.00 8.00 89.67 242.33 244.00 251.67 14.00 
C18 3.67 0.00 0.00 0.00 0.00 70.33 18.33 5.33 
C19 0.00 0.00 0.00 0.00 45.33 96.33 0.00 0.00 
C20 12.67 28.33 42.33 268.67 174.33 322.00 313.67 124.67 
C21 0.00 0.00 0.00 0.00 0.00 14.33 0.00 0.00 
C22 0.00 0.00 0.00 41.00 11.00 347.67 0.00 4.67 
C23 0.00 3.67 0.00 34.67 321.33 395.33 344.67 11.00 
C24 28.33 19.67 53.00 233.33 444.33 333.00 431.33 67.00 
C25 0.00 0.00 4.33 0.00 3.33 152.67 111.33 16.33 
C26 1.33 0.00 0.00 0.00 0.00 52.00 0.00 10.00 
C27 1.00 0.00 0.00 0.00 0.00 19.67 0.00 6.00 
C28 25.33 33.33 39.00 103.67 574.00 572.67 517.00 59.33 
C29 0.00 5.67 13.00 0.00 20.67 3.67 0.33 31.00 
C30 25.33 1.00 3.67 42.00 657.33 581.33 678.33 23.33 







Table M27. Day 10  Biolog™ data for return aerobic 50°C incubation. Raw triplicates averaged. 
 
Sample ID T0RA50 T1RA50 T2RA50 T4RA50 T6RA50 T14RA50 T25RA50 T40RA50 
Carbon 
Type 
C1 68.67 55.33 17.67 47.33 17.00 22.00 31.33 44.00 
C2 65.67 102.33 76.67 82.00 60.67 92.33 78.00 89.33 
C3 70.67 72.33 14.33 67.33 66.00 19.33 54.33 52.33 
C4 70.00 41.67 12.33 105.67 0.00 20.67 30.33 45.00 
C5 137.33 157.67 101.33 186.00 77.00 106.00 132.33 109.67 
C6 105.67 78.33 34.00 122.00 21.67 46.67 42.33 54.00 
C7 74.67 70.00 37.00 131.33 50.33 16.00 50.33 62.67 
C8 67.33 71.00 28.00 91.33 25.67 21.00 51.00 59.67 
C9 78.33 80.33 27.67 139.33 46.00 29.00 32.33 64.67 
C10 105.00 96.33 35.00 126.33 48.00 26.67 31.00 39.33 
C11 76.67 52.00 45.33 119.00 28.33 24.33 32.33 25.00 
C12 88.00 66.67 31.67 123.00 25.67 16.67 45.33 65.33 
C13 81.33 107.00 34.33 110.67 33.33 22.00 34.33 47.33 
C14 122.67 92.00 18.33 120.00 39.00 31.67 43.00 43.00 
C15 81.00 77.67 46.67 101.67 18.33 12.33 38.33 40.33 
C16 91.00 85.33 9.33 58.33 17.33 28.00 45.00 24.67 
C17 89.00 65.33 20.33 106.67 20.33 19.00 23.33 30.67 
C18 72.33 101.67 19.00 82.67 39.00 15.33 43.33 68.67 
C19 91.00 87.00 39.33 129.67 30.67 13.67 42.00 45.67 
C20 64.33 97.67 8.00 67.33 3.33 19.33 29.67 46.67 
C21 59.33 76.67 38.00 56.67 31.67 24.67 14.67 35.33 
C22 89.67 88.33 23.67 139.33 46.33 28.33 34.33 34.67 
C23 71.00 83.67 30.67 131.33 46.33 20.00 39.00 35.33 
C24 64.33 82.00 19.67 47.00 2.67 10.67 23.00 26.33 
C25 67.67 76.33 9.00 67.67 0.00 17.00 23.67 25.33 
C26 74.67 75.00 19.00 92.33 33.00 14.67 34.33 52.67 
C27 68.33 80.00 31.67 106.33 51.33 17.67 31.33 52.33 
C28 35.67 84.33 16.67 19.00 0.00 18.00 4.67 35.00 
C29 50.00 95.67 10.67 28.00 0.00 13.33 8.67 1.67 
C30 43.67 69.67 10.33 73.67 4.33 11.67 45.00 77.00 







Table M28. Day 10  Biolog™ data for return anaerobic 50°C incubation. Raw triplicates averaged. 
 
Sample ID T0RAN50 T1RAN50 T2RAN50 T4RAN50 T6RAN50 T14RAN50 T25RAN50 T40RAN50 
Carbon 
Type 
C1 15.67 42.67 9.33 6.67 4.00 4.67 6.33 9.00 
C2 83.33 134.33 122.67 40.33 90.33 33.00 225.33 166.67 
C3 11.67 47.00 24.33 11.67 12.67 12.00 4.33 51.33 
C4 24.67 55.33 15.67 4.00 35.00 9.67 40.67 77.67 
C5 504.33 295.33 475.33 405.00 89.67 570.00 582.67 252.67 
C6 309.33 236.00 201.00 221.33 166.67 17.33 338.00 246.00 
C7 0.00 10.33 2.00 13.67 1.00 5.00 27.00 16.33 
C8 41.00 64.67 80.00 20.33 2.33 4.33 32.33 66.00 
C9 8.67 28.67 8.00 0.67 0.00 14.67 24.33 29.00 
C10 6.00 8.00 0.00 0.33 0.00 8.00 7.67 10.67 
C11 12.67 19.00 0.00 0.00 0.00 7.00 27.33 4.33 
C12 44.33 100.33 32.67 22.33 8.67 0.00 43.67 69.00 
C13 2.00 18.33 11.00 0.00 0.00 8.00 8.00 30.67 
C14 0.00 3.33 15.00 0.00 0.00 3.33 5.67 2.67 
C15 15.33 8.33 3.67 0.00 9.67 3.33 7.67 20.00 
C16 5.67 2.67 0.00 0.00 0.00 8.33 0.00 18.00 
C17 0.00 11.00 0.00 0.00 0.00 4.33 4.67 19.00 
C18 11.67 11.00 22.67 0.00 0.00 9.33 9.67 13.00 
C19 0.00 3.67 8.00 3.67 1.00 1.00 14.00 14.67 
C20 8.67 25.67 4.67 0.00 0.67 7.00 14.33 34.00 
C21 0.00 12.00 1.67 0.00 0.00 0.67 20.67 0.33 
C22 8.33 17.00 8.33 0.00 0.00 15.67 0.00 5.67 
C23 0.00 10.33 2.67 0.00 7.33 1.67 12.33 16.33 
C24 3.33 15.33 0.00 6.33 0.00 4.67 19.33 26.33 
C25 0.00 0.00 0.00 1.00 0.00 6.00 2.00 15.33 
C26 17.67 34.33 10.33 3.67 0.00 8.33 70.67 40.33 
C27 8.33 20.33 13.67 2.00 0.00 4.33 15.33 18.67 
C28 0.00 21.00 0.00 10.67 0.00 2.67 19.67 24.67 
C29 15.33 6.00 6.00 11.33 0.00 2.33 13.00 0.00 
C30 10.00 49.33 20.33 11.67 9.33 17.67 14.33 21.00 







Table M29. Day 10  Biolog™ data for individual fluid samples incubated both aerobically and 
anaerobically at closest in situ temperature. Raw triplicates averaged. 
 
Sample ID #1A_4 #1AN_4 #2A_4 #2AN_4 #3A_4 #3AN_4 #4A_4 #4AN_4 
Carbon 
Type 
C1 2.33 0.00 0.00 2.67 4.33 4.00 1.00 1.67 
C2 6.33 2.00 0.67 1.00 0.00 0.33 3.00 2.33 
C3 4.00 0.67 1.67 7.00 2.67 2.00 3.67 3.33 
C4 7.33 3.33 6.00 6.33 0.00 2.00 0.67 9.67 
C5 74.33 89.33 54.67 76.00 53.33 87.33 52.67 81.00 
C6 8.33 3.67 6.00 9.67 46.00 4.67 2.00 13.00 
C7 3.33 2.00 4.00 7.33 0.33 1.00 0.00 7.67 
C8 24.00 29.33 6.00 10.67 20.33 9.67 9.33 30.00 
C9 7.00 0.00 1.33 4.00 0.67 0.33 2.67 0.00 
C10 5.00 5.33 3.00 11.00 1.00 2.33 4.33 5.33 
C11 4.67 1.00 2.33 4.67 0.00 1.67 1.67 5.00 
C12 14.33 14.33 9.00 9.67 7.33 11.33 13.67 23.33 
C13 7.33 7.00 1.33 3.67 6.00 1.67 2.00 0.67 
C14 7.67 2.33 0.00 6.67 1.00 0.00 1.67 8.67 
C15 6.00 2.67 1.33 2.33 0.00 2.00 0.00 8.00 
C16 5.67 4.33 0.67 10.67 0.00 2.67 11.67 13.67 
C17 3.00 0.33 3.67 8.00 95.00 5.33 2.00 11.00 
C18 5.33 6.00 2.67 15.00 1.67 5.67 2.00 21.00 
C19 2.33 2.67 1.67 5.67 8.67 3.67 0.33 5.67 
C20 10.33 5.33 4.33 5.67 5.33 8.00 3.67 11.33 
C21 8.00 1.67 0.33 7.33 3.33 3.00 0.33 10.00 
C22 33.00 39.67 53.00 41.00 58.33 45.67 41.67 50.33 
C23 4.00 1.33 4.00 5.33 117.33 2.33 3.33 2.33 
C24 4.00 0.00 1.67 3.67 1.67 7.00 0.00 3.67 
C25 8.67 2.33 2.67 6.33 5.00 2.00 0.67 5.67 
C26 12.33 0.33 1.33 8.67 0.33 4.67 6.00 3.67 
C27 3.33 1.00 3.33 10.00 2.00 2.33 0.00 12.33 
C28 3.67 0.00 1.00 5.33 0.00 8.33 0.00 6.67 
C29 6.67 3.67 2.00 6.00 2.33 3.33 0.33 8.67 
C30 5.00 0.67 2.00 4.33 0.33 2.33 4.67 2.33 






Table M30. Day 10  Biolog™ data for individual fluid samples incubated both aerobically and 
anaerobically at closest in situ temperature. Raw triplicates averaged. 
 
Sample ID #5A_4 #5AN_4 #6A_4 #6AN_4 #7A_4 #7AN_4 #8A_25 #8AN_20 
Carbon 
Type 
C1 4.00 0.00 0.00 0.67 6.67 3.00 115.67 1.00 
C2 0.00 0.00 1.33 0.33 1.00 2.67 0.00 3.67 
C3 10.67 1.00 0.00 1.33 3.00 2.67 6.00 1.33 
C4 11.33 0.00 5.33 3.00 9.67 4.00 300.00 4.00 
C5 63.33 74.33 20.33 30.67 13.67 26.00 22.67 264.67 
C6 11.67 5.67 1.33 3.67 2.67 5.67 27.33 6.00 
C7 4.00 1.67 0.00 5.67 1.33 2.67 528.00 2.00 
C8 40.67 11.67 13.67 16.67 13.67 11.00 386.67 31.00 
C9 6.33 2.33 1.00 3.00 5.33 2.33 111.67 1.00 
C10 10.00 4.33 0.67 3.67 5.33 11.00 0.00 1.67 
C11 1.00 0.00 3.33 7.67 3.67 5.33 672.00 4.33 
C12 41.33 24.00 26.67 10.33 8.00 14.67 901.33 32.67 
C13 6.00 11.00 1.00 2.67 0.33 1.67 1124.00 3.33 
C14 12.33 0.00 3.00 1.33 4.67 6.33 0.00 5.00 
C15 6.33 3.67 2.33 2.00 1.00 4.33 238.67 3.00 
C16 6.67 0.00 5.67 4.33 5.00 11.00 14.67 4.33 
C17 14.67 0.00 3.00 4.33 9.67 3.33 521.67 2.33 
C18 13.67 1.00 8.33 6.33 2.00 6.00 34.33 10.00 
C19 7.00 0.67 3.33 5.00 5.00 6.00 7.67 5.00 
C20 24.67 0.33 5.33 8.67 5.67 12.33 20.33 4.33 
C21 5.00 2.67 3.00 4.33 8.33 11.67 7.33 3.67 
C22 44.67 27.00 54.67 62.33 33.00 43.00 110.00 32.33 
C23 11.67 0.33 0.00 2.00 40.33 6.67 17.00 3.33 
C24 220.33 3.00 1.33 2.00 2.33 4.67 672.33 4.33 
C25 12.67 0.67 1.33 7.00 5.67 4.67 0.00 3.67 
C26 6.67 1.33 1.33 1.33 1.33 8.33 1.67 10.00 
C27 3.00 0.00 0.33 4.33 10.67 3.00 0.00 2.33 
C28 3.33 0.00 1.00 2.33 3.00 3.67 1201.67 1.67 
C29 8.33 2.00 3.00 9.33 2.33 6.33 1.00 4.33 
C30 5.33 0.33 1.00 2.67 2.33 6.67 222.33 3.00 







Table M31. Day 10  Biolog™ data for individual fluid samples incubated both aerobically and 
anaerobically at closest in situ temperature. Raw triplicates averaged. 
 
Sample ID #9A_20 #9AN_20 #10A_20 #10AN_20 #11A_20 #11AN_20 #12A_20 #12AN_20 
Carbon 
Type 
C1 1.33 3.00 219.33 0.00 191.00 0.00 25.67 38.00 
C2 1.00 5.33 228.33 1.33 37.00 3.67 37.33 11.67 
C3 0.67 5.00 5.00 3.67 31.33 0.67 33.00 7.33 
C4 5.00 8.33 2.67 5.67 147.67 7.33 20.67 0.00 
C5 25.00 225.67 21.00 200.33 41.33 357.33 66.33 76.00 
C6 1.00 5.33 4.00 7.00 100.33 9.67 23.00 0.00 
C7 0.33 0.00 677.67 4.00 996.33 0.00 15.00 0.00 
C8 7.67 18.67 9.00 24.00 371.67 27.67 67.67 142.33 
C9 2.00 0.00 4.00 0.00 622.67 0.00 8.67 0.00 
C10 0.67 0.67 2.67 0.00 0.00 0.00 9.00 0.00 
C11 0.00 0.00 213.33 3.33 44.33 0.00 33.00 0.00 
C12 22.00 19.00 269.67 17.67 751.67 15.00 56.33 194.00 
C13 4.00 9.00 6.33 1.33 834.67 62.67 141.67 0.00 
C14 5.00 0.67 5.33 1.00 0.00 0.00 5.67 0.00 
C15 1.67 0.33 9.00 5.67 302.00 0.00 6.67 0.00 
C16 7.67 7.67 6.67 18.00 11.00 26.67 13.33 4.00 
C17 0.00 0.33 6.00 1.33 3.33 1.67 11.00 0.00 
C18 6.67 8.67 14.33 7.33 4.33 6.00 11.00 0.00 
C19 1.33 4.00 9.33 2.67 3.00 0.67 11.67 0.00 
C20 0.67 9.67 7.00 8.33 48.67 9.00 16.67 7.00 
C21 5.33 35.33 14.33 5.00 0.00 2.00 16.67 0.00 
C22 27.67 19.00 46.33 25.33 352.33 17.00 13.67 0.00 
C23 1.67 3.33 13.33 5.00 10.67 0.00 9.67 0.00 
C24 0.67 5.00 436.67 1.00 508.33 2.00 20.00 18.33 
C25 1.00 11.67 15.00 4.33 5.33 3.33 12.00 0.00 
C26 4.00 21.00 7.33 19.67 0.00 13.67 10.67 0.00 
C27 1.67 2.33 4.67 2.67 0.00 0.00 10.00 0.00 
C28 3.00 6.67 1.33 0.00 1144.33 0.00 22.33 22.00 
C29 0.00 1.00 10.33 4.33 0.00 2.33 21.67 0.00 
C30 0.67 0.33 83.00 1.67 912.33 2.67 33.67 3.00 







Table M32. Day 10  Biolog™ data for individual fluid samples incubated both aerobically and 
anaerobically at closest in situ temperature. Raw triplicates averaged. 
 
Sample ID #13A_20 #13AN_20 #14A_20 #14AN_20 
Carbon 
Type 
C1 233.33 102.33 40.33 34.00 
C2 26.33 17.33 31.33 10.33 
C3 101.00 10.67 18.00 4.00 
C4 323.67 3.00 9.33 0.00 
C5 124.00 276.00 59.67 140.67 
C6 101.67 14.33 29.67 3.00 
C7 588.33 6.67 12.00 0.00 
C8 697.67 182.67 159.00 50.00 
C9 426.33 3.00 3.67 0.00 
C10 22.00 0.67 5.00 0.00 
C11 262.33 0.00 0.67 0.00 
C12 715.00 165.33 20.67 76.33 
C13 402.00 99.33 82.67 3.33 
C14 16.33 2.00 3.33 0.00 
C15 358.67 6.00 6.67 0.00 
C16 32.67 89.33 4.00 2.67 
C17 378.33 69.33 2.33 2.33 
C18 22.33 2.33 0.00 0.00 
C19 68.33 2.67 8.67 0.00 
C20 22.67 569.00 29.00 80.33 
C21 30.67 1.67 8.67 0.00 
C22 199.33 3.67 8.00 0.00 
C23 270.67 5.00 5.33 0.00 
C24 562.33 108.00 14.67 16.33 
C25 41.00 11.33 8.00 0.00 
C26 79.33 8.00 8.00 0.00 
C27 20.67 7.00 10.00 0.67 
C28 822.67 88.67 17.33 20.67 
C29 20.00 18.00 20.67 8.00 
C30 349.67 10.00 31.00 7.67 























Table N1. GelQuest® raw RAPD-PCR band area data. 
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Table N2. GelQuest® raw RAPD-PCR band area data. 
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Table N3. GelQuest® raw RAPD-PCR band area data. 
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Table N4. GelQuest® raw RAPD-PCR band area data. 
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Table N5. GelQuest® raw RAPD-PCR band area data. 
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Table N11. GelQuest® raw RAPD-PCR band area data. 
 







(Table N11 continued) 
 






(Table N11 continued) 
 






(Table N11 continued) 
 

























Table N12. GelQuest® raw RAPD-PCR band area data. 
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Table N15. GelQuest® raw RAPD-PCR band area data. 
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Table N20. GelQuest® raw RAPD-PCR band area data. 
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Table N21. GelQuest® raw data. 
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